Effect of the Environmental Parameters on the Distribution of Foraminifera in the Coastal Area of Ras Al Khaimah, U.A.E. by Saif Al-Kaabi, Naama Obaid
United Arab Emirates University
Scholarworks@UAEU
Theses Electronic Theses and Dissertations
1999
Effect of the Environmental Parameters on the
Distribution of Foraminifera in the Coastal Area of
Ras Al Khaimah, U.A.E.
Naama Obaid Saif Al-Kaabi
Follow this and additional works at: https://scholarworks.uaeu.ac.ae/all_theses
Part of the Environmental Sciences Commons
This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at Scholarworks@UAEU. It has been accepted for
inclusion in Theses by an authorized administrator of Scholarworks@UAEU. For more information, please contact fadl.musa@uaeu.ac.ae.
Recommended Citation
Saif Al-Kaabi, Naama Obaid, "Effect of the Environmental Parameters on the Distribution of Foraminifera in the Coastal Area of Ras
Al Khaimah, U.A.E." (1999). Theses. 509.
https://scholarworks.uaeu.ac.ae/all_theses/509
EFFECT OF THE ENVIRONMENTAL PARAMETERS ON THE 
DISTRIBUTION OF FORAMINIFERA IN THE COASTAL AREA 
OF RAS A L  KHAIMAH, U.A.E. 
Thesis sllbmitted for the degree of 
M. Sc. in Environmental Science 
By 
Naama Obaid Sa if AI-Kaabi 
Faculty of Sciences 
United Arab En1itates University 
1999 
The thesis of Naama Obaid Sait AI-Kaabi for the degree of 
Master of Science in Environmental SCiences is approved . 
( 
-- -= (�, h ..................................................................................................................... 
Chair of Committee, Prof. Abdelrahman AI-sharhan 
Examining' ember, Prof. christopher G. Kendall 
(University of south Carolina ) 
.................•....... � .•.•••••.•••............... �� . .  -..� �� ��� 
Examining Committee Member, Dr. Osman Abdul 
•...•.••.••...•......•.••••..•..•.•..........•.•.•.......•••........••..•.........•.•......•••.....•............
..•.. 
Dean of the Faculty of Science, Prof. A. S. AI-Sharhan 




J would like to extend my sill cere thanks alld gratitude to my counlJy and the 
great university that J have been studied ill for several years with the leadership of 
Sheikh Nahayall Bill Afubarak AI-Nahayan. 
11\'Ould like to thank my thesis sellior supervisor; Professor Abelel-Rahman S. 
Al-Sharhall, Dean of the Faculty of Science for helping me to find a gooel topic for my 
thesis and for solving many difficult problems during the progress of the present 
work. I would like to thank him also for his supervision, encouragement and good 
advice. 
AI)' thanks lyould be also for my supervisor Dr. AmI' EI-Sammak, Department of 
Geology, for his supervising the thesis and for his patience, encouragement, 
invaluable advice and for Ii is support through the thesis. 
Aly thallks are extended to Professor Mohammed Bukhary who left the UA.E. 
University in the summer of 1998. He gave rne a great support, great information, 
great encouragement for years while he was teaching in the UA.E. 
1 would like to thank Dr. Danielle Decrouez the Chief Curator in fossils 
mllseum ill Switzerland where she gave me good assistant in having excellent and 
clear SEM photographs foraminifera pictures. 
1 would never forget to thank the great help of Dr. Osman Abdelghany who give 
me chance to learn more aboutforaminifera and how to do good job while studying 
them. He helped me in finishing my thesis after my pre supervisor Professor 
AIohammed Bukhary left. 
My thanks will be also for Omar Al-Baslzier. He helped me with The chemical 
analyses of the samples. I would like also to thank the help of Mr. Wajeeh Kenana, 
while doing sieving analysis, and Mr. Hamely Kandil for his help in drafting the 
figures and during presentation. 
A great thanks to my family especially my father, mother and sisters who 
encouraged me in completing my studies after graduation. Thanks for their patience 
and good care of me. 
Good friendship of my fellow students was a great fun and humor that 
supported me also. So thanks to all of them: Jvfahra, Tagreed, Teny and Turfa. 
LIST OF CONTENTS 
• List of Figures 
• List of Tables 
• List of Plates 
• ABSTRACT 
• CHAPTER 1 
I NTRODUCTION 2 
l . l . Previous study 5 
l .2. Aims of the present study 7 
l .3 .  Area of study 7 
1 .4 .  Collection of samples 11 
1 .5.  Methods of  analysis 13 
1 . 5 . l .  Foraminifera 13 
1 . 5 . 2 .  Grain size analysis 1 3  
1.6. Environmental Parameters 16 
1.6 .1. Nutrient salts. 16 
l . 6.1 . l .  Nitrate 16 
1 .6 .1.2 . Nitrite 17 
1 .6 .1 .3. Phosphate-Phosphorus 19 
l .6.1.4. Silicate 20 
l . 6.l . 5 .  Amonia 21 
1 .6.2. Organic carbon and organic matter 22 
l .6.3. 24 
• CHAPTER 2 
FORAMIN IFERAL IDENTIFICATION 26 
• CHAPTER 3 
RESULTS AN D DISCUSSION OF ENVI RON M ENTAL 
PARAM ETERS 54 
3 .1. Grain size Statistical Parameters 54 
3.1 . l .  Mean size 54 
3. l .2 .  Inclusive graphic standard deviation (sorting ) 54 
3 .1.3. Inclusive graphic Skewness (SkD 58 
3.1.4. Kurtosis (KG) 58 
3 . l . 5. Discussion of the grain size statistical data 58 
3 .2 .  Environmental parameters 64 
3.2.1. Water Temperature 64 
3.2.2. Salinity 64 
3.2 .3. Organic matter 66 
3.3. Nutrient salts 69 
3.3.1. Phosphate phosphours 69 
3.3.2. Silicate (Si03) 69 
3.3.3. Nitrate NO] 69 
3 .3.4. Nitrite N02 71 
3.3. 5 .  AmmoniumINitrogen NH4 7 1  
3.3.6. Discussion of the environmental parameter 7 1  
3.4. Results of foraminifera 
• CHAPTER 4 
3.4.1. Total foraminiferal species 
3.4.2. Living foraminiferal species 
3.4.3. Dead foraminiferal species 
3.4.4. Discussion of the foraminiferal results 









List of Figures 
Figure 1: The morphology of the foraminiferal test. 3 
Figure 2: Map o[United Arab Emirates showing the location of Ras AI-Khaimah. 9 
Figure 3: Coastal morphology and geometry of the principal sediment units NE 
extremity of the Trucial Coast (Ras Al Khaimah). (After Purser a�d Evans 1973). 1� 
Figure 4: Area of study showing the sampling stations. 12 
Figure 5: itrate reduction column. 18 
Figure 6: Cumulative probability curves for different samples. 56 
Figure 7: Histograms showing the distribution of different grade size at different 
samples. 58 
Figure 8: Scatter plot, showing the relation between different grain size statistical 
parameters A: mean grain size (�) vs. sorting (�). B: sorting (�) vs. 
skweness. C: mean grain size (�) vs. skweness 61 
Figure 9: Tree diagrarn showing the similarities between different stations based on 
the grain size statistical data. 63 
Figure 10: Areal distribution of the different environmental parameters. A: organic 
matter (% ); B: phosphate-phosphorus; C: dissolved silicates 67 
Figu re 11: Areal distribution of the different environmental parameters in the surface 
water of the study area. A: Nitrate; B: Nitrite; C: Ammonium 72 
Figure 12: Areal distribution of the total number of Foraminiferal individuals in the 
sediments of study area A: Total; B: Agglutinated; C: Hyaline; D: 
Porcellaneous. 80 
Figure 13: Ternary plot of total foraminiferal assemblages. 81 
Figure 14: Areal distribution of the total number of living Foraminiferal individuals 
in the sediments of study area A: Total; B: Agglutinated; C: Hyaline; D: 
Porcellaneous. 83 
Figure 15: Ternary plot of total living foraminiferal assemblages. 84 
Figure 16: Areal distribution of the total number of dead foraminiferal individuals in 
the sediments of study area A: Total; B: Agglutinated; C: Hyaline; D: 
Porcellaneous. 86 
Figure 17: TemalY plot of total dead foraminiferal assemblages. 87 
Figure 18: Line plots showing the variations of both total living and total dead 
assemblages in the sediments at different stations. 89 
Figure 19: Ratio between total living and total dead foraminiferal assemblage at 
different stations. 92 
Figure 20: Line plot showing the relation between the number of total living 
foraminiferal species and organic matter concentration at different 
stations. 93 
Figure 21: Relation between Temperature and Salinity with the numbers of living, 
dead and total (living and dead) Foraminiferal assemblages. 94 
Figu re 22: Relation between percentage of living Foraminiferal with both organic 
matter and mean grain size $. 96 
Figure 23: Scatter plot showing the relationships between A: percentage of living 
Foraminiferal individuals; B: total number of Foranlinifera; with different 
nutrient salts. 98 
Figure 24: Summary of wall structure environmental fields for living assemblages 
(After Murray, 1991). 100 
Figure 25: Tree diagram showing the similari ty between different station based on 
the Results of Foraminifera. 104 
11 
List of Plates 
Plate 1: Sahulia barkeri, sahulia sp. l and sp.2. 
Plate 2: Textularia, Textlllaria sp l and sp.2. 
29 
31 
Plate 3: Goesella sp. Adelosina cf. Honghensis, Adelosilla crassicarinata, Ade l osina 
sp.I, sp.2 and sp.3. 33 
Plate 4: Adelosina sp.4 , sp. 5, sp.6  sp. 7, sp.8, sp.9 and sp.IO. 35 
Plate 5: Adelosina sp. l l, sp.I2, sp.I3 and sp. 1 4, SpirolocuLina communis and 
Aggllltinella laticollis. 37 
Plate 6: Agglutinella sp. l ,  sp.2, sp.3, sp.4, sp. 5  and sp.6 .  39 
Plate 7: Sip/zonaperta sp., Cye/olorilla contorta and Cycloforina granuloeostata, 
Cyclolorina rugosa, Cyclolorina sp. Massilina mireelli and Massilina sp. 4 1  
Plate 8: Quinqueloculina (Laclzlanella) eooki, QlIinqlle/oel/tina limbala, 
Quinqueloculilla Ileoslriatula, Quinqueloeulina slelligera, 
Quinque/oculina vulgaris and Quinqueloeulina sp. 43 
Plate 9: Biloclllinella elongata, Pyrgo e/ongata, Triloculina barnardi, Triloculina 
marioni, Tri/oeulina sp.1 and sp.2. 45 
Plate 10: RlIperliallella rllpartiana, Rupertianella sp. and Peneroplis planallls. 47 
Plate 11: Ammonia beearii, Elphidium erispum, Elphidium exeavatum and 
Elphidiunl maeellllln. 49 
Plate 12: Elphidiunl maeellum, Elphidiul7l sp. l ,  sp.2, sp.3, sp.4, sp.5 and sp.6 and 
Heterostegina suborbicu/aris. 51 
111 
List of Tables 
Table 1: erbal description of the gTain size statistical prameters. 16 
Table 2: Seventeen genus and species of foraminiferal species. 27 
Table 3: Results of grain size analysis. 5 5  
Table 4:Maximum, minimum and average standard deviation for the grain size 
statistical parameters as well as the environmental parameters. 57  
Table 5: Results of the measured environmental parameters. 65 
Table 6: Concentration of different nutrient salts at different stations. 68 
Table 7: Comparison between the organic matter detected during the present work 
and the previous results on the area or similar environments. 70 
Table 8: Results of the foraminiferal studies. 





T\ enty samples of sea water and twenty samples of sediment were collected 
from the off shore area of Ras l-Khaimah to find out the relationships between 
environmental parameters, abundance or foraminifera, and ratio of living to dead 
foraminifera. 
. . 
Analysis ?f sea wate� for the �n:ironmental parameters includs, temperature, 
sahmty and nutnent salts (nItrate, nItnte, silicate, phosphate and amonia). Organic 
mattar, and total carbonate were measured in the bottom sediments. Grain size 
analysis of the bottom sediments was done using seiving method. The foraminiferal 
species were picked, counted and photographed using the SEM. The ratio of dead to 
Ii ing forams was calculated. Rose Bengal dys was used to differentiate between dead 
and Ii ing foraminiferal tests. 
The maximum grain size value was found at station 20, while the minimum 
was at station 4. The average grain size is 1 .24 $. Relationships were observed 
between mean size and the other parameters. The standard deviation (sorting) rangeds 
between moderately sorted to poorly sorted. Skewness ranges between 0.22 and -0.46. 
Complete linkage cluster analysis shows that the study area can be clustered 
into three groups. Group I includes stations numbers 20, 1 3,5, 1 4, 1 1  and 3, group II 
contains stations numbers 7, 4, 1 6, 1 7, 1 8, 1 2  and 2, while group III contains stations 
numbers 1 5, 1 9, 9, 8 and 6. Grain size parameters indicates no indication about the 
similarities or dissimilarities between different stations. 
The highest water temperature was recorded at station 20 (27.4 
salinity ranges between 34.95 and 35.86 
For the organic matter station 7 shows the maximum content of organic 
matter, while station 1 7  has the minimum. For the nutrient salts, station 9 shows the 
maximum value for P04 while station 4 has the lowest. For Si03, station 1 presents 
the maximum value. On the other hand station 14 presents the lowest value in Si03. 
Station 2 shows the lowest value for N03 while stations 1 6  and 1 7  have the maximum 
values. The maximum value ofN02 is found at stations 1 1  while the minimum value 
is found at station number 7 and 20. 
The high phosphate concentrations that have been recorded is a response to the 
decay of phytoplankton and excretion of considerable amounts of phosphate by 
aquatic organisms. On the other hand, the decrease in phosphate concentrations can be 
related to the decrease in the intemal influx of phosphate, with an increase in 
consumption by phytoplankton. The high silicate values that have been found in the 
extreme east and off the Al-Khor opening is probably due to increase of the 
dissolution rate of diatom frustules and their fragments in the bottom sediments. The 
low values for nitrite may be attributed to the increase of nitrite oxidation to nitrate 
and its reduction to ammonia. 
Station 8 showes the maximum foraminiferal individuals (391 individuals) 
while the minimum number (25 individuals) is found at station 2. 
The must common foraminifera are the agglutinated forams, porcellaneous 
forams are the second in abundance; whi Ie the hyaline shells are less common. 
The maximum number of dead foraminiferal individuals is 277 (station 13), 
" hile the minimum number is 5 individuals (station 2). 
Peneropolis plantlls, Quinquelocl/lina neastrictula, Quinque/oculina cooki, 
Tnloculil/a sp., Ammol/ia beccarii, ElphidiLim crispllm and Texularia sp. are the main 
foraminifera assemblages found in the study area. Other Milliolina, Textularina and 
Rotallina also occur. 
The differences in the percentage of living foraminiferal tests may be a 
response to the nature of the bottom with the low values occurring in areas covered 
\ i th seagrasses and halophytes. On the other hand, high percentages of living forams 
occur where algae, seagrasses and other plants disappear. Another possibility may be 
caused by the short lifespan of the benthic foraminifera. Another possible reason is 
the fact that some dead foraminiferal tests may be either recent deceased where the 
red color may be caused by the effect of Rose Bengal on the protoplasm. 
Temperature and salinity have little influence on the distribution of the 
foraminiferal tests. Except for silicate, no relationship can be noticed. With the 
decreasing of the silicate, both living and total foraminiferal species slightly decrease. 
Most of the foraminiferal assemblages fall within the nom1al marine to 
hypersaline marine marshes. 
During the present study, some stations contain high percentages of blackened 
foraminifera that could be attributed to the decomposition of organic matter as well as 




The coastal area of UAE is now under forceful stress. This is due to the 
rapid expansion and the wide variations in coa tal related activities (e.g. 
indu trie , oil and ga exploration, tourist activities, communications and 
harbors, etc.) during the last decad . This rapid expan ion certainly has effected 
the coastal environments. The composition of living communities of the 
c astal area will generally be affected by this environmental stress. 
Foraminifera, which are considered the one of the most important of fossils, are 
generally controlled by a series of environmental parameters that include 
salinity, temperature, dissolved oxygen, nutrient salts and pH. Consequently 
foraminiferal assemblages will also be affected by variations in the 
environmental conditions. The relative abundance of the living foraminiferal 
te ts to the non-living ones is a function of the environmental stress. 
Foraminifera are unicellular organisms (Figure 1 )  belonging to the 
Rhizopod Protozoa (Protista). Their protoplasm is differentiated into endoplasm 
and ectoplasm, and is emitted in the form of retractile pseudopodia, which are 
granula, anastomosing filaments. These are used in catching prey, 111 
locomotion and in the creation of the skeleton (Bignot, 1 982). 
The feature that distinguishes foraminifera is the possesslOn of a 
mineralized, intra-ectoplasmic skeleton or test formed from chambers that are 
interconnected by openings or foramina. The interior of the test is lined with a 
2 
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Figure 1 :  The morphology of the foramin ifera l test 
(after Brasier, 1980) 
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ba a l  organ ic chi t inoid'  la er. Th is  descript ion should not prejudge i ts 
chemi cal nature which though c lose to chi t in remains unknown (Kennett, 
1982). 
The foramin i  fera (elas, arcod in a; Order, Foram in i ferida) are an 
extr mely d iverse group of marine she l l -bearing protozoans with several 
benthon ic  fami l i es and few p lanktonic fami l ies . They normal ly range in  s ize 
from 50 to 400 pm, but they may grow larger. Al though the benthonic [onns 
are taxonomical ly more d iverse than p lankton ic  forms, there are fewer 
ind iv idua ls  per spec Ies . The tests of  foramin ifera are constructed of  calci um 
carbonate except In one major suborder (Textularinae) o f  benthonic  
foramin i fera, wh ich con truct their tests of  cemented grains of  sand and ; in  one 
smal l  group'  aragonite .  
Foram i n i fera are considered marine .  The benthon ic  foramin i fera l ive at 
or near the sed iment- water interface. Most are mobi le, whi le  sessi l e  forms may 
be attached temporari ly by pseudopodia or permanently by cementat ion.  
Benthoni c  forami n i fera are eas i ly d i fferent iated from p lankton ic  foramin i fera i n  
deep-sea sediments by d i fferences in  shape and wal l -sur face texture. The 
benthoni c  forami n i fera occur in brackish to normal marine habitats and l i ve at 
a l l depths .  They are found at a l l  lat i tudes, a lthough the biogeographic 
prov inc ia l i ty is,  i n  part, la t i tudinal ly determ ined and h ighest d ivers i t ies are 
found in trop ica l  areas . The d ivers ity gradient between polar and tropical 
regions can be compl icated by local  environmental variat ions. Antarct ic faunas 
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ar much more d iver than rct i  fauna and imi larit ies between polar faunas 
are mal l  part icu larly at the p ie I e  el (Kennelt , 1 982) .  
The ecology of  foram in i fera is restrict ed to warm, c l ear, shal low water. 
hey are con fi ned to the trop ics largely v i th1n the 25°C surfac e-water (IIaynes, 
1 98 1 ) . 
1.1. Previous study: 
Previous  studies deal ing with benthic foramini fera, recent sedimentation 
and environmental parameter a long the coast ofU.A .E. and nearby were dated 
back to a lmost 3 5  years ago . Murray ( 1 965) studi ed the foraminifera 
assemb lag e  i n  the Arab ian Gu l f  and i n  the U.A.E .  He gave almost fu l l  
i n format ion about the foram in i fera i n  the U.A . E. ,  start ing with the Arabian 
G u l f, Abu-Dhab i ,  and K hor Al  Bazam. In 1966 th e sam e author presented a 
series o f  paper on the foramin i fera l assemb lage of the Arab ian Gu l f, Halat A l  
B ahrani ,  and th e sh el f  o ff the Truc ia l  Coast (Mu rray, 1 966, a ,  b and c ) .  Murray 
( 1 9 70) pub l i shed h is  last research paper on the foramim ifera of the hypersal ine 
l agoon ,  Abu Dhabi .  Purser (1973) studied the Holocen e  carbonate 
sedimentat ion and d iagenesis i n  a shal low epicontinental sea of  the Arab ian 
G u l f.  He d iscussed the envi ronm ental paramet ers that seem to influence the 
nature of the Arabian Gu l f. He  also offered some information on the l iv ing 
forami n i fera in the Arab ian Gu l f  and around the U. A.E .  We fer, et.a!., ( 1 98 1 )  
stud i ed th e composit ion of  the stab le isotop es i n  recent l arger benthic 
foramin ifera from B ermuda, the Arab ian Gu l f, and the Phi l ipp i n es. Bahafzal lah 
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and I-A kary ( 1 98 1 )  tudied the 1)  pe  of  foramin i fera that can be found in 
audi Arab ia  where the howed the e xesti n of  M i l io l i na, Rotal ina and 
Textu laria sp.  Post -Nappe , early Tertia ry foramin i fera l  paleoecology of the 
northe rn  Hafit area, outh of  A I-Ain City (Uni ted Arab Emirates) was achieved 
by her i f, et. al.. ( 1 992) .  They presented a good information about the sma l l  
benthic a n d  p lankt ic foramin i feral fauna. They studied the vert ica l  variat ions i n  
i ts const i tut ion i n  two sect ions . They recognized four bathymetrical ly 
s ign i ficant groups of  foramin i ferl assemblages . Hamdan and Bahr ( 1 992) 
studied a l so the l i thostrat igraphy of the Pa leogene uccession of  northern Jabal 
Hafit, i n  A I-Ain area . Juma ( 1 995) did a recent study on Dibba and Kalba i n  the 
eastern coast o f  the United Arab Emirates . She studied the heavy minera ls  and 
metal s  content of the coastal sediments.  Hassan , era!' ( 1 995) performed a study 
on systemat ic  evaluation of  selected nutrients , heavy metals and microb ia l  
pol l ut ion a long the east coast of  the U.A. E. Massoud, et. az', ( 1 996) studied the 
trace metal contents as indicators of  po l l ut ion and impl icat ions for the effect 
and fate of the K uwait oi l  s li ck .  A recent study on the Arabian Gu l f was done in 
1 996 by Massoud,  et.al. on  TPH and TOC contents as ind icators of  o i l  pol l ut ion 
and imp l icat ions for the effect and fate of  the Kuwait oi l  s li ck .  
Abou Ouf ( 1 992)  studied the benth ic  foramin i fera i n  carbonate fac ies of 
a coastal sabkha, Red Sea,  Saudi Arabia .  He subdivided the foramin ifera that he 
found i nto three groups accord ing to the wa l l  compos i t ion of  the ir  tests and 
these groups are porcel l aneous forami n i fera (70-98%), represented by five 
6 
genera, hya l ine foram in ifera (3-3 0%) inc luding two genera, and agglutinated 
foramin ifera ( 1 -2%) c mprising n ly on genus .  
1.2. Aim of the present study: 
The present study a ims to find OLlt the relat ionships between 
en ironmental parameter from one hand and the abundance of Foramin ifera , 
rat io of  l iv ing to dead foramin ifl ra, and the d ivers ity of foramin ifera l  tests in 
the coastal area of Ras AI-Kheimah region from the other hand.  It is expected 
that this research wil l  g ive an idea about the state of the marine environment 
from the po l lu t ion point of  v iew. It also wil l  throw l ight on the relat ion of  the 
d istribution o f  d ifferent foramin iferal species and the environmental stress.  
1.3. Area of study: 
Ras A l  Khaimah region is cons idered as a coastal marine environment, 
characterized by l agoons w ith coastal sabkhas extending inland for several 
k ilometers along the coast l ine .  In the same t ime, it represents a desert 
environment, s ince it is located near the Oman Mountains where sand dunes 
and ancient fl uv ia l  fan interac t  (Nasr & Yeh ia,  1 993) .  These mountains r ise 
between 400 and 1 000 meters above sea level  and exhib it folded structural 
forms of  para l l e l  r idges of  h igh t il ted beds . Due to d ifferentia l  eros ion, resistant 
beds (caused by tecton ic compression) stand out and lead to narrowing of 
wadis, w h ile  in some loca l it ies led to the deve lopment of intennent bas ins. The 
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ba e o f  ome o f  the mountain ridges exh ibit \ a e-cut p la tfonn which 
d ev loped during the la  t po t-glac ia l  sea ri e (Nasr & Yeh ia, 1 993) .  
Ra A l  Khaimah is a part o f  The Un ited Arab Emirates, which has the 
am e features in many d iffer nt places . Mo t of the U. A. E. geological features 
cam from the geo logical  features of Om an because it shares Oman in many 
mountain and p laces . A lso they hare the same seawater of  the Arabian Gu lf. 
Accord ing to Purser & Evans ( 1 973 )  the northeastern region of the U.A .E .  
coast consists o f  beaches backed by  coastal dunes composed essen t ia l ly of  
ske letal carbonate sands. In the extreme NE near Sharajah, Umm al  Qaiwain, 
I Iamra and Ras AI-Khaimah, a series of  sub-para l le l  spi ts have prograded so 
the coast l i ne is  some 5 - 1 0  km to seaward (F igure 2) .  The evol ut ion of the 
extreme NE part of the Truc ia l  coast ha been revea led by seven cored holes 
dr i l led across th is  coastal p la in  to  an average depth of  50 m i n  the v ic in i ty of  
Ras AI-Khaimah (Figure 3 ) . Purser & Evans ( 1 973 )  mentioned that these wel l s  
passed through a Quaternary sequence ranging from wad i gravels  and aeo l i an 
sand at the base, to  marine skeletal sands and carbonate muds at the surface. 
The marine part of  the sequence , approximately 1 0 m in  th ickness, i s  probably 
the on ly part which is  of  Holocene age. The sequence i s  essentia l ly  a 
transgressive one and is  most probably the resu lt of a post-glac ia l  rise in sea 
leve l ;  however, the presence of  northerly-t i l ted terraces on the flanks of  the 
nearby Oman M ountains suggests that this transgrerrive sequence could be 
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Figure 2 :  Location map of Un ited Arab Emirates. 
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Figure 3 :  Coasta l morphology and geometry of the principa l sed iment 
un its, NE extremity of the Trucial Coast (Ras AI Kha imah) .  
(After Pu rser a nd Evans, 1973).  
10 
The c l imate o f  the area is  typical of  the h igh arid tropical zone .  In such 
c l imat i c  cond i t i  n e aporat ion ( 1 460 mml r. ) exceeds total prec ip itat ion ( l 00 
m m l  L ) . The sa l i n i ty of  the shal low coasta l \: ater (42- 50%0) is h ighly variable  
and trongly i n fluenced by the weather condi tions, part icu larly winds. Offshore 
water temperatu re rang s [rom 1 8  to 3 2°C. The t ides are semidiu rna l  but their 
heights d i ffer cons iderab ly. Tidal  and wind-driven currents and waves are 
loca l ly  strong (Abu- Hi la l  & Khordagui ,  1 992) .  The arid ,  sub-tropical c l imate 
has sum mer temperatures atta in ing 50°C, and frequent winds, that s t imulate the 
formation of evaporit i c  m ineral s  and the de l ivery of aeo l ian dust to the  bas in .  
F l uv iat i l e  influx i s  l im ited to the Tigri s-Euphrates-Karun delta and to the 
mountainous I ranian coast where terrigenous sediments contrast with the 
re lat ively pure carbonates forming in the sha l low seas i n  front of the low 
deserts of Arab ia  (Purser, 1 973 ) .  
1.4. Col lection of samples: 
The select ion o f  the sampl ing stat ions was on the basis of  a regu lar grid .  
Twenty stat ions were co l l ected from the offshore area i n  front of  Ras A l ­
Khaimah H arbor (Figure 4-). Sediment samples were co l lected ei ther by grab 
or by free d iv ing. Water samples were co l lected from the same stat ion from 
the surface l ayer d irect ly in prec l eaned Polyethy lene bott les . Water 
temperatu re and sal i n i ty were measured in situ. Sediment samples were then 
stored in c l ean p l ast ic  bags. Water and sed iment samp les were kept frozen 
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1.5. M ethods of analysis: 
1.5.1 Foraminifera: 
The sed iment samples were d ivid d into two parts . The first was kept 
frozen , \i h il e  the econd part ha e dried and s ie ed separately.  Each gra in s ize 
"a checked under the m icroscope to ob erve the s ize in which Foramin ifera 
are more common. The 2.0 0 wa used , as it contains most of the foraminiferal 
speac ie . Foramin ifera were p ic l  e d  under b inocular microscope. The p icked 
D ramin ifera were photographed using a Scann ing Electron M icroscope ( SEM) .  
The second part of  the twenty sediments samples, tha t  has been kept 
frozen , had been washed severa l t imes to  get rid of the sa l t .  Rose Bengal were 
added to  that pa li of  the sample  to d ist inguish between the l iv ing foraminifera 
in order ca lcu late the rat io between the l iv ing and the deceased foram in ifera. 
For the preparat ion of  Rose Bengal sol u t ion, 20 grams of  Rose Bengal powder 
were d issolved in 1 l iter of ethano l  a lcohol .  Samples were soaked in covered 
beakers with Rose B engal solut ion for 2 weeks in order to stain the l iv ing 
foramin ifera. The samples were then dried and s ieved . Both stained ( l iv ing) and 
non-st a ined (dead) foramin ifera were then p icked and counted to find the ratio 
between the l iv ing and the dead foramin ifera. 
1.5.2 Grain size analysis: 
A deta iled garnu lomert ic ana lysis was done US1l1g standard s ieving 
methods. The s ieves were arranged at one ( <p) interval . 1 00 grams has been 
taken from each sample to be sieved. Shak ing was done for 15 minutes. The 
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fract ion that \ ere reta ined on each s ie e were weighed and recorded . The 
graph ical  method propo ed by Folk  & Ward ( 1 9 57) \ ere used in calcu lat ing 
the gra in  ize parameter . 'ul11ulat ive c ur  es wer constructed on arithmet ic 
pr bab i l i t y  paper. The Graph ical mean (Mz); I nc lusive graphical  standard 
de iat ion (al); Inc lu  ive Graph ical  Skc\ ne ( kl) ; and graphic Kurtosis  (KG) 
, ere ca lcu lated . 
1. 5.2.1. The graphical mean (Mz): 
The graph ica l  mean ( Mz) represents the average of s i.ze read ings . Fo lk  
and Ward ( 1 957) had sugge ted the fol l owing formula  be used for ca lcu lat ing 
the graph ica l  mean. 
¢16 + ¢50 + ¢84 
Mz(¢) = ') .) 
<p 1 6  represent the average of the coarsest th ird of the sample .  The <p84 
represent the average s ize o f  the fi nest th ird ;  whi le  the cp50 is  the average value 
of  the m iddle s ize .  
1. 5.2.2. Standard deviation (Sorting (J I): 
Fol k and Ward (1957) proposed the inc lusive graphical  standard 
deviat ion as a sorting measurement. The degree of sort ing of a sample  i s  
essent i al l y  a measure of  d ispers ion .  The formula  for ca lcu lat ing the sort ing of  
the sediments i s  




The re u l t  of  thi � rmula  s l1O\\ the degree of  o rt ing of  the sediments 
(Table 1). 
1.5 .2.3. Skewness (SKI): 
kewness is the dev iat ion 0 [ the  frequency cu rve from the symmetry of  a 
normal  dis tribut ion .  If the m ean and the medium coi ncide in a symmetrical 
di t ribut ion , the skewne zer . Fo lk  and Ward (1957) developed a 
modi ficat ion for the two formulas of s l  ewness of  Inman (1952) and combined 
them in one formula  cal led the inc lusive graphic skewness (SK I)' 
SK 











2( ¢84 - ¢1 6) 2( ¢9S - ¢S) 
Fo l k and Ward (1957) have suggested the numerical  l imits for desc rib ing 
the mmetry of  the curve; where the negat ive val ues indicate the coarse grains ;  
whi le the posi t ive values indicate the fine grains (Table  1 ). 
1.5.2.4. Kurtosis (KG): 
The measure of  the peakness is  e xp ressed as K u rtos is .  I t  i s  a 
measurement o f  rel at ive sort ing between the tai l s  and the cent ra l  part of  
cumulat ive frequency c u rve. It i s  cons idered to be  val uab le test to the  normal i ty  
o f  the sample  d i st ribut ion .  Folk and Ward (1957) suggested the formula  to find 







_-.:.......¢S� KG = 
2.44( ¢7S _ ¢2S) 
The verbal  l im i ts suggested by Fol k and Ward (1957) are shown in  (Table 1). 
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Table 1: Verbal de cription of the grain ize tati tical parameter. 
SORTING ( cr I) 
< 0 35 q> ery well sorted 
0.35 - O. q> \vell sOl1ed 
0.5 -1.0 q> moderately sorted 
J .0 - 2.0 q> poorly sorted 
2 0 - 4.0 q> ery poorly sorted 
>4.0 q> e tremely poorly sorted. 
SKEWNESS (SKI) 
- J .O to -0.3 velY negatively skewed 
-OJ to -0 I negative ske\\>ed 
-0.110+0.1 nearly symmetrical 
+0.1 to +0.3 posllively skewed 
+0.3 to + 1.0 velY positive sl-ewed 
1.6. Environmental Parameters: 
1.6.1. Nutrient salts: 
KURTOSIS (KG) 
<0.67 very platy kllrtic 
0.69 - 0.90 platy kurtic 
0.90- 1.11 meso kllrtic 
1.11 - 1.50 leplo kurtic 
1.50 - 3.00 very lepto kurtic 
>3.00 extremely lepto kllrtic 
The amount of  the Nutrient salts was analyzed usmg the method 
described by Parsons, et al (1985). 
1.6.1.1. Nitrate: 
Nitrate in seawater IS reduced almost quantitatively to nitrite when a 
sample is  run through a column containing cadmium fi l ings coated with 
meta l l i c  cooper. The n itrite produced is determined by diazotizing with 
sulfani lam ide and coupl ing with N-( l -naphthyl )-ethy lenediamine to fonn a 
highly colored azo dye which can be measured spectrophotometrically. Any 
nitrite in i t ia l ly presented in the samp le must be corrected for. 
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The qu ipment that ha been u ed in this analysis is a reduction column 
(Figure 5). 2 .0 ml [concentrated ammonium ch loride was added to the sample 
in the Erlenmeyer flask. The solution was mixed and 5 ml was poured onto the 
top of the column to pa s through . The remainder of the sample was added to 
the column and the drained Erlenmeyer flask was placed under the collection 
tube. About 40 ml  were col lected and discarded . The 50 ml were col lected in a 
graduated cyl inder and this was d ispensed into a Erlenmeyer flask wh ich 
conta ined the original sample .  The column was al lowed to drain before adding 
the n xt 5 ml  sample .  1.0 ml of sul fanilamide solut ion was added to the 50 ml  
ample from an automatic pipette, m ixed and al lowed to react with the reagent 
for a period greater than 2 minutes but not exceeding 8 minutes. 1 ml of 
naphthy lethylene d iamine solut ion was added and mixed immediately. Between 
10 minute and 2 hours afterwards, the extinct ion of the solut ion in a I -cm 
cuvette were measured against dist i l led water using a wavelength of 543 nm .  At 
last that of the reagent blank corrected the observed extinction and nitrate was 
calcu lated from the express ion: 
�g-at Nil = (corrected extinct ion x F) - O.95C 
where C i s  the concentration of ni trite in the sample in �lg-at Nil 
1.6.1.2. Nitrite: 
Nitrite in seawater was al lowed to react with sulfani lamide in an acid 
solut ion . The result ing diazo compound was reacted with N-(1 naphthyl)­
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Figure 5: Nitrate reduction column. 
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The g la  s',: are wa r in ed \ i th sampled water before using. 5 0  m l  of 
eawater which \ a measured from a mea uring cyl inder into a 1 25-ml  
Er lenm yer flask and analyz d wi th in a few hours and processed immediately. 
In the experimental procedure 1 .0 m l  of su l fan i lamide sol ution was 
added from an automat ic  p ipette to  each 50-ml  sample mixed, and the  reagent 
',: a n l lm\ ed to react for more than 2 minutes but less than 1 0  minutes to assure 
n complete react ion .  1 .0 ml  of naphthylethy l -ened iamine reagent was added and 
mi ed immediately.  Between 1 0  minutes and 2 hours afterwards, the ext inct ion 
of  the solut ion i n  a 1 0-cm cuvette was measured at a wavelength of 543nm.  The 
measured ext i nct ion for the reagent (and turbid i ty, i f  necessary) b lank  was 
correc ted and ca lcu late the n i tri te concentrat ion as :  
Ilg-at Ni l = (correc ted ext inct ion x F) 
1.6.1. 3 .  Phosphate- Phosphorus : 
For the Phosphate determination, the seawater sample  was a l lowed to 
react with a composite reagent conta in ing molybd ic  acid, ascorbic  acid and 
trivalent ant imony. The resu l t ing complex was reduced to give a b lue solut ion, 
which was measured at 885  nm . 
The samples were warmed to room temperature ( I 5 -300e).  The turbid i ty 
of a sample  was measured at 885  nm ; i f  th is  value was greater than 0 .0 1 ,  a 
correct ion was app l ied to the final  ext inc t ion value.  To a 1 00 m l  sample, 1 0  m l  
of  mixed reagent was added using a syringe-type p ipette and mixed a t  once. 
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A fter 5 minutes, and pre[erabl  \\ i thin the fir t 2-3 hour the ext inct ion in a 1 0-
cm cel l " a measured against d ist i l led wat r at 885  nm.  
The extinct ion was corrected with the reagent blank (and turb id i ty b lank 
where necessary) and the pho phate concentrat ion was calcu lated as : 
�Lg-at PI l = corrected ext inct ion x F 
where F i a factor. 
1.6.1.4 .  Si l icate: 
S i l i cate was determined in the sea\vater sample  by a l lowing the sample 
to react with molybdate under condit ions, ''''h ich resul t  i n  the formation of 
s i l icomolybdate, phosphomolybdate and arsenomolybdate complexes. A 
reduc ing solut ion, conta in ing meto l and oxa l i c  acid, was then added which 
reduced the s i l icomolybdate complex to give a b lue color and s imul taneously 
decomposes any phosphomolybdate or arsenomolybdate. The resu l t ing 
ext i nct ion was measured us ing a 1 - or 1 0-cm cuvette, depending on 
concentrations encountered.  
In the experimental procedure  the samples temperatures were at room 
temperature ( l 8-25°C) .  1 0  m l  of  molybdate solut ion was added to a dry 50-ml  
graduated cyl inder fitted with a glass stopper. 2 5  ml of the seawater sample 
were p ipetted i nto the cyl i nder, stoppered, and mixed by i nvert ing;  a l lowed to 
stand for 1 0  m inutes, but not for more than 30 minutes. The reducing reagent 
was added rap id ly to make 50 m l  and mixed immediately. The solut ion was 
a l lowed to stand for 2-3 hours to  complete the reduct ion .  The ext inct ion was 
20 
mea ured at 8 1 0  nm using a l -c l11 cel l  for concentrations > 1 5  !lg-atl l and a 1 0-
cm c II for concentrat ion o f  < 1 5  !lg-atl l .  
At  the end the mea ured extinct ion was cOlTected for the blank ( 1 - or 1 0-
cm ce l l i ngth) and reactive i l icate was a lcu lated as : 
!lg-at il l = corrected extinct ion x F 
where F i s  the factor for a 1 - or 1 0-cm ce l l  length. 
1.6.1. 5 .  Ammonia: 
Ammon ia  111 seawater samples "vas oxidized to n itrite with hypochlorite 
m a lka l i usmg a large exces of potass i um bromide as a catalyst. The 
prec ipi tat ion of metal hydroxide in sa l ine water in an a lkal ine medium was 
prevented by the addi t ion of a complexing reagent prior to the oxidation step. 
I n  the experimental procedure 50 ml of  sample  was added to an 
Erlenmeyer fl ask from a 50-ml measuring cy l inder. 2 m l  of  complexing reagen t  
was added from a p ipette and the solut ion was swirled. 2 m l  of  a lka l ine 
potassium bromide so l ut ion was added from a p ipette, the so lut ion was swirled, 
and the flask was a l lowed to stand at a temperature of  between 3 5 ° C  and 
2 m l  of 0 .05N sod ium hypoch lorite solution was added, swirled 
v igorously, and the flask was a l l owed to stand for 2 m inutes at 3 5-45 ° C. 2m1 of 
1 % sodium meta-arsen i te solut ion was added, the so lut ion was swirled, and the 
flas k  was a l l owed to stand at room temperature (20-25 ° C)  for 2 minutes. 
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2 m l  o f  u l fan i lamide o lut ion \\ re added and the solut ion \ a s\ irl ed 
and the flask was a l lo  ed to tand at room temperature for 2 minutes .  
2 m l  of  u l fani lamide solut ion wer added and the solut ion was swirled. 
Th reagent \ as al lowed t react [or a period greater than 2 minutes but not 
exceed ing 8 minutes.  2 .0 ml of  -( I -naphthyl )-ethylenediamine so lut ion was 
added and m i xed immediatel . Between 1 0  m inutes and 2 hours afterwards the , 
ext inct ion of  the solut ion in a 1 - or 5 -cm ce l l  was measured against de- ionized 
\ ater at a wavelength of 543 nm.  The measured ext inct ion was corrected by 
that of the reagent b lank and the ammonium n itrogen concentrat ion was 
ca lcu lated from the express ion :  
( 0.838  x c) 
I-lg-at Ni l = F x E -
F' 
where E i s  the corrected ext inct ion from which the reagent  blank has been 
subtracted, F' is the n i tr i te factor, and c is  the concentrat ion of n itr i te in I-lg-
at/ l . The numera l 0 . 8 38  represents th d i l ut ion factor between ammonia  and 
n i tr i te .  F is the factor obtained. 
1.6.2. Organic carbon and organic matter: 
The read i ly  oxid ixzable organic  carbon were determi ned accord ing to the 
methods described by Gaudette et al. ( 1 974) .  Th is method is  a modi fication for 
the c l ass ic  Walk ley-B l ack method. Thi s  methods ut i l izes exothermic  heat ing 
and oxidat ion with potass ium d ichromate and concentrated H2S04. of 0 .2  to 
0 . 5  gram of the a ir-dried sed iment, and the t i trat ion of the excess dichromate 
with 0 . 5  ferrous ammon ium u l rate s l ut ion to a harp 1 drop end poi nt .  The 
resu l ts  of the anal s i s  are calcu lated by the fol l owing equat ion : 
1 - T 




Organ ic  matter content \"ere ca lcu lated from Organic carbon where : 
Organic Matter = 1 . 8 Organic Carbon. 
For each sample the fol l owing procedure was fo l lowed :  
A 0 . 2  to 0 . 5  gram dried sed iment sample is  p laced in a 5 00 Erlenmeyer flask. 
Exac t ly 1 0  ml of  1 N K2Cr207 so l ut ion i s  added (by burette) to the sediment 
and the two are m ixed by swir l ing the flask. Twenty ml of concentrated H2S04 
are added ( by burette) and are mixed by gent le  rotat ion of the fl ask for about 
one m in ute.  This shou ld  be done carefu l ly to insure  complete m ix ing of the 
reagents wi th the sediment,  whi le  avoiding throwing the sed iments onto the 
ides of the flask out of contact with reagents . The mixtur e  is  a l lowed to stand 
for 30 m inutes . A standardizat ion b lank without sediment is  run with each new 
batch of samples .  After 30 m inutes, the solution i s  d i l uted to 200 ml volume 
with d i st i l led water, and 1 0  ml 80% H3PO.1 , 0.2 g NaF, and 1 5  drops of 
diphenylamine ind icator are added to the sample flask. The solut ion is  back 
t i t rated w i th 0 . 5  N ferrous ammon ium su l fate so lut ion .  The color progressed 
from an opaque green-brown, to green upon the addit ion of approx imate ly 1 0  
m l  o f  ferrous  solut ion .  The color cont inued to sh i ft  upon t i trat ion to a blu i sh-
b l ack-grey; at this point the add i t ion of a 20 - 30  drops of ferrous solution 
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h i n  d the lor t a bri l l iant gre n giving a one-drop end point . For prec is ion 
and accura , up to five r p l i  at anal e \\ ere carr ied out on the same sample 
( 3  amplcs v ere se le ted) .  The standard de iat ion wa less than ± 0 .25%.  
1.6.3. Inorganic Carbon "Total carbonate" 
term inat ion of  total carbonate was performed accord ing to the method 
de cri bed by Mol nia, ( 1 974) .  S tandard weight- loss determination method 
ntai led p lac i ng a weighted quant i ty of sediment conta in ing ca lc ium carbonate 
in a beaker add ing H e l  unt i l  the bubb l ing is  complete, fi l tering the res idue i n  
a folded paper fi l ter cone, dry ing and weigh ing res idue i n  the folded paper and 
fina l ly ca lcu lat ing the percent o f  the non-carbonate remaining.  Moln ia  ( 1 974) 
improved this standard method by using a fi l ter d isc and 0 .47 mm diameter 
fi lter paper. 
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Fora m i n ifera l identification 
This  hapter inc ludes the identi fied m icro[o s i ls  inc lud ing smal ler benthonic 
foramin i feral pecL s .  They inc lude eighteen genu and s ixty s ix  spec ies as sho n in tab le  
(2 ) .  Th l a  i f! a t ion of Loeb l ich and Tappan ( 1 988 )  ha been app l ied . The microfossi l s  
\ ere ph tographed u i ng a canning E lectron M icroscope ( EM).  Their systemstic 
descript ion ,  occurrence and d istr ibut ion i n  the study area have been mentioned and shown in 
p late from ( 1 - 1 2) .  
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Table (2) :  Showing the taxonomy of the i dentified foraminiferal 
species recognized in the study area. 
ubo rder S u perfam ily 
Textulari i na Textulariacea 
Miliolina Miliolacea 




Genera and s pecies 
Sahulia barkeri 
Sahlllia sp. 





Spiroloculinidae A delosin a  cf. hOlZghensis 
A delosina crassicarinata 
A delosin a  sp. 
Hauerinidae 
A delosin a  sp . .  
A defosin a sp . .  
A delosinG sp. 
A felosin a  sp . .  
A delosin a  sp. 
A delosin a  sp. 
A delosin a  sp. 
A delosin a  sp. 
A delosina sp. 
A delosin a  sp. 
A delosina sp. 
A delosin a  sp. 
Spir% clifilla commun is 










Cycloforin a gran ulocostata 




Rotal i ina 
Mi l io l idae 
Peneropl idae 
Rotal i idae 
E lphidiidae 
Nummuli t idae 
Massililla miree/li 
lYfassilina sp. 














Pel1eropiis pianatl ls 




























RES U LTS A N D  DISCUSSIO N  O F  E NVI RO N M E NTAL 
PARA M ETERS 
3.1 Grain size statistical  parameters: (Table 3) 
F igure ( 6 ) r pr  sent the  commutat ive probabil ity curves for di fferent 
sample . It is obvious that mo t of the amples exhibit normal distribution 
patterns .  
3.1.1 M ean Size ( Mz):  
Table 3 show the values of  the mean size at the di fferent studied stat ions. 1 0 
amples of which represents 50% the total samples are in the coarse sand range 
i .e .  0- 1 �, 9 samples of which represents 45% of the total samples are in the 
medium sand that ranges between 1 -2� and only one sample is in the range of 
tine sand i . e .  2-3� \ hich represents -% only. The maximum gra in size value is 
found to be 2 . 87� (station 20) \ hi le the minimum grain size i . e .  0 . 53�  is  
observed at stat ion 4 .  On the other hand the average grain s ize is 1 .24� ±0 . 5 8  
(Table 4 ) .  No re lationship are observed between Mean size (�) and the other 
measured and calculated parameters .  
3 .1.2 Inclusive graphic standard deviation (sorting aI) :  
The standard deviation ranges between moderate ly sorted to poorly sorted. 
The samples were div ided equal ly into two groups. 1 0  samples are in the first 
group, which is moderately sorted, and 1 0  samples are poorly sorted sediment. 
The average sort ing value calculated for the present study is 1 .08� ±0 . 3 7  and 
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Ta ble 3 :  R es u l ts of g ra i n  s ize a n a lysis. 
STAT I ON M E AN IZE SORT I N G  S K E WNESS 
1 1 . 06 
2 0 .90 
3 1 .90 
4 0 . 5 3  
5 1 . 2 7  
6 1 . 5 0  
7 0 . 5 3  
8 0 . 8 5  
9 1 . 00 
1 0  1 . 5 8  
1 1  1 . 8 0  
1 2  0 . 9 8  
1 3  1 . 8 0  
1 4  1 . 7 5  
1 5  1 .2 3  
1 6  0 . 5 5  
1 7  0 . 8 3  
1 8  0 .9 6  
1 9  0 . 8 3  
2 0  2 . 87 
M S .  med ium sand. 
e S coarse sand. 
F.S · fine sand 
(<jl) (<p) 
M . S .  1 . 3 1  P . S .  -0.23 C . S .  
C . S .  0.69 M . W . S  -0 .08 N . S .  
M . S .  0 . 6 1 M . W . S  -0. 1 2  C.S .  
C . S .  0 . 8 5 M . S .  -0. 1 7  C . S .  
M . S .  0 . 72 M . S .  -0 . 1 2  C . S .  
M . S .  1 . 3 7  P .S .  -0 .27 C . S .  
C . S .  1 . 22 P .S .  0.22 F . S .  
C . S .  1 . 65 P . S .  0 . 1 7  F . S .  
C . S .  1 . 3 6  P . S .  0 . 1 9  F . S .  
M . S .  0 . 8 0  M . S .  -0.09 N.S .  
M . S .  0.66 M . W . S  -0 .08 N . S .  
C . S .  0 . 8 7  M . S .  -0 . 0 8  N . S .  
M . S .  1 .90 P . S .  -0.46 S .C .S .  
M . S .  1 . 04 P . S .  0 . 1 7  F . S .  
M . S .  1 . 4 7  P . S .  -0 .07 N . S .  
C . S .  1 . 1 6  P .S .  -0.43 S .C .S .  
C .S .  0 . 9 8  M . S .  0.06 N . S .  
C . S .  0 . 8 8  M . S .  -0.0 I N . S .  
C .S .  1 . 3 9  P . S .  0. 1 5  F . S .  
F . S .  0 . 6 1 M . W . S  -0.24 C . S .  
P S .  poor! y sorted 
M W S . moderately well sorted. 
M S. moderatel y  sorted. 
S CS strongly coarse skewed 
CS coarse skewed. 
N.S : negative skewed. 
F.S fine skewed 
K URTOSI S  
0.6 1 Y . P .K .  
1 . 1 9 L . K .  
1 .05 M . K .  
0 . 79 P .K .  
1 . 5 6  Y . L.K .  
0 . 7 8  P X .  
0 .96 M. K .  
1 . 22 L X .  
0 . 8 8  P . K .  
1 . 1 1 M . K. 
1 .00 M . K .  
1 . 1 9  L . K .  
1 . 1 3  LX. 
1 . 1 4  L . K .  
1 . 1 6  LX. 
1 .3 2  L X .  
1 . 03 M . K .  
1 . 3 6  L . K .  
1 . 1 0  M . K .  
1 . 2 1  L.K .  
V LX,: very lepto kurtic. 
L K. :  lepta kurtic. 
M K.: meso kurtic. 
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Figure 6 :  Cumulative probabi l ity curves for different samples. 
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Ta ble 4 :  M a x i m u m ,  m i n i m u m  a n d  average ± ta n d a rd dev ia t ion fo r 
t h e  g ra i n  ize stat ist ica l  pa ra m ete rs a wel l  a the  e n v i ron menta l  
pa ra m ete rs. 
Va ria b l e  M e a n  ± St. Dt. M i n i m u m  M a xi m u m  
DEPTI I 6.05 ± 1 .99 4.00 9 .00 
%0 35 .47 ± 0.33 34.84 35.86 
TEMP.  26.85 ± 0.35 25 .80 27.40 
Mz l . 24 ± 0.58 0 . 53 2 .87 
ORTING l . 08 ± 0 . 37  0 .6 1 l .90 
KEWNE -0 .074 ± 0. 1 95 -0.46 0.22 
KURTOSI S  l .09 ± 0.22 0 .6 1 l . 56 
O.M .  0.20 ± 0.06 0 . l 1  0.32 
POol 0.5 ± 0. 1 5  0.26 0 .92 
iO) 2.2 1 ± 1 .2 1  l .30 5 .98 
O2 0.26 ± 0.09 0.07 0.40 
NO) 4.37 ± 0.2 1 3.95 4 .70 
NI-G 0.23 ± 0.23 0.02 1 .05 
5 7  
th rang of  crI  i 1 . 90¢ and 0 .6 1 ¢ .  0 re lationsh ip i found bet\ een orting 
and the other parameter . 
3 .1.3 Inclusive graph ic  Skewness (SkI ) :  
Skewne s varie from stat ion to  another. 5 samples (25%) are very 
negat ivel skewed, 3 sample are negatively skewed ( 1 5%),  7 samples 
r pre ent 3 5 %  from the total samples are nearly symmetrical and only 5 
sample are positively kewed representing 25% of the total samples. The 
skewenss ranges between 0 .22 and -0 .46 and averaging -0 .074 ±0. 1 95 .  
3. 1.4 Ku rtosis ( KG) :  
Kurtosis which measures the peakedness of  the grain s ize distribution curve, 
arranges a fol lows:  1 sample is very platy k urt ic that represents 5% of the total 
samples, 3 samples ( 1 5% of the total sample ) are platy kurtic 6 samples (30%) 
are meso kurt ic ,  9 samples (45% of the total samples) are lepto kurt ic ,  and only 
1 sample  is  very lepto kurt ic, representing 5% of the total samples. The 
maximum kurt ic value is  1 . 56  and the minimum is 0. 6 1 . The average value of 
the kurtosis i s  l . 09±0.22 .  
3. 1.5. Discussion of the grain size statistical data: 
Figure (7 )  shows the histograms for each stat ion .  The histogram provides a 
quick and easy p ictorial method for representing grain size distributions. This is  
because the approximate average grain s ize and the sort ing, the spread of grain 
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Figure 7 :  Histogra ms showing the distri bution of different 
grade size at different samples. 
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ize val ues around the average can be een at a glance. 
It i obvious  from the di fferent hi stogram that most of the samples ha e 
a lmo t a log-normal di tribution "\ i th the exception of stat ions 6, 7 ,  9, 1 3  and 
20 . [hese log-normal distr ibution patterns 111a indicate that a normal condit ion 
of edimentation could preva i l .  However the histograms have l imi ted 
appl icat ion . In fact the shape of the h istogram is affected by the s ieve interval 
used (Boggs, 1 995 ) .  
PI t of  arious stat istical parameter against each other may also depict 
trends or c l ustering of samples that can be used in other ways (Lewis & Mc 
Conchie 1 99�) .  Sedimentologists for many years had used the scatter-diagrams 
of grain s ize paramet rs to dist inguish between di fferent depositional 
environments .  The physical processes assumption in  the discriminat ion of 
d ifferent  depo i t ional setting using bivariant plots is that these stat istical 
parameters reflect d ifferences in the transport ing and depositing mechanisms of 
flu id  flow (Sutherland & Lee 1 994) .  Figure (8) shows the relat ion between 
sort ing o f  the sediments and the mean grain size.  It seems that no re lationship 
can be found between sorting and the size of the sediments. Tucker ( 1 988)  
found that  there are covariation of mean s ize and sort ing. Griffiths ( 1 967),  , 
showed how both mean size and sorting were hydraulical ly control led, so that 
in a l l  environments the best sorted sediments had their mean size in the fine 
sand category .  This energy re lated universal re lat ionsh ip has been con firmed by 
many subsequent studies (Tucker, 1 988) .  
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Figure 8 :  Scattered plots, showing the relations between 
d ifferent g ra i n  size statistica l pa rameters 61 
The sec nd cattered plot used in the present study is kewne and orting. 
Moiola & Weiser ( 1 96 8 )  used the scatter plot of sorting and skewness to 
provide di crim ination between river and beach sand. Applying Moiola & 
Weiser to the present study except for five sediment samples the rest can be 
de cribed as river sand ( figure 8b) .  Howe er, Bjorlykke, ( 1 983 ), draw an 
approximate fields for sands [rom different environments, in term of skewness 
and standard dev iat ion . It eems that the number of beach sed iments in the 
pre ent study increased and some of the ri ver-ident ified samples are said to be 
turdibite sediments . 
The scatter p lot of mean s ize (�) versus skewness were also contrived in 
order to dist inguished between the beach and dune sand . According to 
Tucker ( 1 98 8 )  the relat ively fine-grained unimodal sed iments deposited from 
many parts  of the world yielding s imi lar characterist ics :  beach sands were 
wel l  sorted and negat ively skewed, whereas river sands were less well sorted 
and usual ly pos i t ively skewed. Dune sand also had posit ive skewness but  
was finer than beach sands . F igure (8c)  i l lustrates that except for one sample 
(stat ion 20) the rest are characterized as beach sand. 
The scatter p lot  of kurtosis  vs. skewness provides that no relationship can 
be retrieved from these two parameters. 
In order to measure the s imi larities between di fferent stations in term of 
texture characters, the complete l inkage c luster analysis is  performed (Figure 
9) .  In this stat ist ical mult ivariate analysis, a dendrogram is the final output. 
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Figure 9 :  Tree d iagram showing the simi larities between 
d ifferent stations based on the gra in  size statistica l data . 
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mult i  ariate objects . C losest re lationsh ip are between objects nearest 
togeth r ( Rock, 1 988 ) .  It is obvious that stations in the study area are 
c lustered in three group . Stations numbers 20 1 3 , 5 , 1 4, 1 1 and 3 comprise 
group 1 .  Group I I  contains samples numbers 7 ,4 , 1 6, 1 7  1 8 , 1 2  and 2. On the 
other hand, tation 1 5 , 1 9, 9 8 and 6 di t inguish group I I I .  As a matter of 
fact ,  these 3 groups ind icate that grain size parameters give no indicat ions 
about the s imi larit ies or dissimi larities in the sediments of the study area. 
3.2 Environmental parameters: Table 5 
3.2 . 1  Water Temperature: 
The h ighest water temperature recorded in s i tu (27 .4  DC) is found to be at 
stat ion 20  (Table 5 ) .  On the other hand station 1 has the minimum-recorded 
temperature ( i .e .  2 S . 8°C) .  The average temperature is 26 .8So± 0 . 3 5  (Table 3 ) .  
According to E I-Gindy and Hegazi ( 1 996), the study area l ies within a zone of  
active water exchange. The area which they ment ioned is locates off the study 
area and has a temperature range during winter equal to 22 °C and 24 °C in the 
surface water layer and reaches about 3 0-3 2°C during September to November. 
3.2.2. Sal inity: 
Sal in i ty measured dur ing field work ranges between 34 .95%0 and 3 5 . 86%0 
with an average of  3 5 .47%0±0 . 3 3 1 .  Sal inity shows positive correlation with 
some of the environmental parameters i .e .  N02, N03 · It has negative correlat
ion 
with organic matter. EI-G indy and Hegazi ,  ( 1 996) ind icated that sal in ity 
in the 
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Ta ble 5 :  R e  u lt s  of t h e  mea u red env iron menta l  para m eters .  
T TION DEPTI I AL ITY TEMP. O.M.  
em) (%0 ) ( 0C) (%) 
1 5 34 .84 25 . 8  0 .27 
2 4 34.95 26 .7 0 .23 
3 4 34.95 26.6 0 . 1 8  
4 4 3 5 . 1 8  27 .2 0. 1 8  
5 4 3 5 .29 27. 1 0 .23 
6 7 3 5 .75 26.8 0.22 
7 8 3 5 .29 26.8 0 .32 
8 7 3 5 . 52 26.6 0 .3 1 
9 8 3 4 .95 27 .0 0 .27 
1 0  8 3 5 .63 26.5 0 . 1 8  
1 1  7 3 5 .63 26 .8  0 . 1 8  
1 2  8 3 5 . 75  27 .0 0. 1 7  
1 3  8 3 5 . 86 26.8 0.22 
1 4  9 3 5 .63 27 . 1 0. 1 4  
1 5  9 3 5 .75  26 . 5  0 . 1 8  
1 6  5 3 5 .75 27 . 1 0. 1 7  
1 7  4 3 5 .75  27 . 1 0 . 1 1  
1 8  4 3 5 .63 27 .2 0 . 1 6  
1 9  4 3 5 . 52  26.9 0. 1 7  
20 4 3 5 .75 27.4 0 . 1 3  
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regIOn In front o f  the t udy ar a range between 3 7-39 %0 during eptember 
and ovemb r an d  37-38  000 during J anuary and February period. 
3.2.3 Organic matter 
F i gure ( 1 0) repre ents the spat ia l  d istri but ion pattern of the organ i c  matter i n  
t h e  study area. I n  general organ ic matter increase in a westward d irect ion.  The 
a erage organic  matter is 0 .2%±0 .06.  Stat ion 7 shows the maximum content o f  
orgaDl c  m atter, i .e .  0 . 3 2%. O n  the other hand the mini mum contents o f  organic 
matter ( 0 . 1 1 0'0) is  shown at  stat ion 1 7 . In  general mo t o f  the sedi ments have an 
organic  matter content less than 0 .2%.  This value is s imi lar to the norma l  
shal low marine values for organ ic matter. N o  relationships c a n  b e  observed 
between organic matter and the other measured environmental parameters.  
Tab le (6) c ompares the values o f  organic matter concentrat ions obtained dur i ng 
the present study w ith the previous values recorded at d i fferent areas with more 
or l ess s i m i l a r  con dit ions .  I t  i s  obvious that organic matter contents for the Ras 
A l  Kheimah c oastal area i s  more or less s imi lar to that recorded for the Dubai 
coastal area. H owever it  i s  l ower than from the other comparable s i tes, having 
rough ly est i mated s i m i l ar condit ions.  Nonetheless, these values are almost 
considered as a norma l  shal low marine value for organic matter. The standard 
deviat ion of organi c  m atter ( i .e .  0 . 06) indicates that the variat ion within the 
sediments is very l im ited.  
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Figure 10: Area l d istribution of the d ifferent environmenta l parameters. 
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Table  6 :  Com pa rison between t h e  orga n ic matter detected d u ri n g  t h e  
p re e n t  w o rk a n d  t h e  prev ious res u l t  o n  the  a rea or si m i la r  
e nv i ro n m e n ts.  
A rea  O.M . % ra nge Referen ces 
(ave rage) 
Arab s Bay, Egypt 0 .4 1 4 - 0.9 1 8  Eme1yanov, 1 972 
Abu Qir Bay Egypt 0 .072 - 3 . 37  Moussa, 1 973 
( 1 .26) 
l -Mex Bay Egypt 
0 . 1 4 - 1 .74% 
El-Sabrout i ,  et at. , 1 997 
(0 .57) 
M iami Bay, U . .  A .  
0 .07  - 0.9% El-Sabrouti, et at. , 1 997 
(0 .39) 
Montazah Bay , Egypt 
0 . 726 - 2 .5 El Sammak, 1 995 
1 .0 ± 0.65 
Dubai creak and Coastal 0.0052 - 0 .4446 El Sammak, 1 998 
U.A .E .  (0. 1 52856) 
Ras Al-Khaimah U .A .E .  
0. 1 1 - 0 . 32  Present study 
(0 .2 ± 0.06) 
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3.3. N u tri ent salts :  Table 7 
3.3. 1 Phosphate phosphorus ( P04) : 
hO\vn in Tab le  4- the maximum value for P04 is found to be at station 
number 9 i . e .  0 .92 Ilg a 1 .  Thi value is very high. when compared to the other 
a lues from d ifferent stations. tations 1 and 4 have the lowest value i .e . 0 .26 
Ilg a 1 .  The mean P04 concentration is  0 . 5  Ilg at/I ± O . l s .Phosphate 
phosphorou ho\v a negative correlation with Si03 only. F ig ( 1 0) shows the 
di tribution o f  P04 in th surface water of the study area. Most of the stat ions 
that having the maximum value of PO.j locate in the northern part of the study 
areai .e .  around the stations 9 8, and 1 0 . On the other hand, at the southern, area 
the minimum value exists. 
3.3.2 Si l icate (Si03) : 
Table  ( 7) represents S i03 concentration. S i03 shows the maximum value at 
station 1 .  i . e .  5 . 98 flg a l .  On the other hand station 1 4  has the lowest value for 
S i03 ( 1 . 3 flg atl) .  The average i03 concentration is 2 .2 1  flg atll :!:: 1 . 2 l .  The 
areal d istribution of S i03 is shown in F ig ( 1 0), which reveals that the maximum 
values ' notice  are around the station 1 6  and in the middle area between 1 and , 
1 0 . 
3.3 .3 .  N itrate N03:  
Station 2 shows that the lowest value of N03 i .e .  3 . 95 flg at/I i s  found to be at 
station 2, whi le the maximum value i .e .  4 . 70 Ilg atll is found at stations 1 6  and 
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Ta ble  7 :  Co n ce n trat ion (lJ.g a tll) of d i fferen t  n u tri en t  sa l ts a t  d ifferen t 
sta t ions. 
S ta t ion  P04 S i03 N02 N03 NH4 
1 0 .26 5 . 98 0. 1 8  -+ .22 0 . 5 8  
- 0 . 3 6  1 . 82 0 .07 3 . 95 0 .09 
.., 
0.-+6 1 .92 0.22 -+ . 3 1 0 .23 
-' 
4 0.26 1 . 82 0. 1 1  4 .28 0 .09 
� 
0 . 5 6  1 . 5 1  0 . 1 4  4 . 66 0 .05  
6 0 . 63 2 .24 0.25 4 . 5 6  0 .07 
7 0 . 5 0  2 A4 OAO 4 . 3 9  0 . 2 5  
8 0 . 5 3  1 . 87 0 .29 4A9 0.23 
9 0 . 92 1 . 5 1  0 .25 4.26 0 . 1 8  
1 0  o - .., . -' 2 .2-+ 0 .36  4 . 1 4  0 .2 1 
1 1  0 .-+6  1 . 82 0 .32 -+ . 3 7  1 . 05 
I 
1 2  0 . 3 6  1 .6 1  0 .32 4 . 1 8  0 . 1 6  
1 3  0 .-+6 2 . 70 0 .32 4 .58  0 . 1 8  
1 -+  0.69 1 .3 0  0 .29 -+.24 0 .02 
1 5  0 . 5 6  1 . 77 0 .29 4 .39 0 . 02 
1 6  0 . 3 3  5 . 1 5  0 .25 4 . 70 0.23 
1 7  0 . 5 9  l AO 0.32 4 . 70 0 .28  
1 8  0 . 5 0  1 .3 5  0.22 4 .22 0 . 1 6  
1 9  0.40 1 .6 1  0 .25 4 . 1 8  0 . 1 2  
') 0  0 . 5 9  2 . 1 8  OAO 4 .49 0 . 3 0  
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1 7 . The average J values i 4 . 3 7  Ilg at; 1 :cO .2 1 .  Fig ( 1 1 )  shO\v the iso-
concentration alues of 03 in the surface water of the area where the 
rna, imum valu are concentrated in the eastern and in the western sector of the 
area. 
3.3.4. N itrite N02: 
O2 concentration m the upper layer of the water column ranges between a 
ma,'(lmum value of 0.4 Ilg at/I ( stations 7 and 20) and a minimum value of 0 .07 
Ilg a 1 (station 2) .  The a erage N02 concentration is 0 .26 Ilg atll ±0 .09.  F igure 
( 1 1 )  represents the distribution of O2 in the surface water of the study area. I t  
i s  obvious that the maximum N02 value exists i .e .  around station 7 .  The rest of 
the stations ha e medium values. 
3.3.5 Ammonium/ Nitrogen N H4: 
The m inimum value recorded for N1-I� is found to be at stations 1 4  and 1 5 . 
The maximum value i . e .  1 .05 Ilg atll occurs at station 1 1 .  On the other hand. the 
average value is  0.23 ).lg at/I ±0.23 . No correlation between N1-I� and any other 
parameters is found. The distribution of N1-I4 in the surface water of the study 
area is shown in figure ( 1 1 )  with the maximum values concentrated around the 
area ben een stat ions 1 1  to 20 .  
3.3.6. Discussion of the environmental parameter: 
Marine phytoplankton require certain trace elements for g
rowth . These 
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Figure 1 1 :  Area l d istribution of the d ifferent environmenta l 
pa rameters i n  the surface water of the study area . 
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nutrient are u ed unt i l  the, become l imiting and further growth is inhibited . 
Th mo t important micronutrients are nitrogen and phosphorus. orne 
rgani m have s i l iceous frustu les and r quire s i l i ca (Mi l lero and Sohn, 1 99 1 ) . 
orne reconnaissance measurements of the water nutrients of the U.A.E.  coast 
near Abu Dhabi .  show that the coastal and lagoonal waters are general ly low in 
phosphate and nitrate (Evans, et al . ,  1 973 ) .  Simi larly there is no observable 
trend in  the nitrate content of the waters during winter although it  does appear 
to decrea e when traced from the open sea to the back of the lagoon during the 
ummer (Evans. et aL 1 973) .  The s i l icate content is higher in the waters of the 
inner lagoon than in those of the open sea both in winter and in summer (Evans, 
et a l . .  1 97 3 ) .  Evans. e t  al . .  ( 1 973)  also mentioned that when the measurement 
for various seasons are compared, the waters of the nearshore zone, outer 
lagoon and inner lagoon a l l  show higher phosphate cotent in winter than in 
summer; the n itrate content is  very variable and shows no preferential 
enrichment i n  either seasons, while the s i l i cate is noticeab ly higher in summer. 
The importance of phosphate in natural waters has been stressed by many 
authors (Kramer, et al. , 1 972,  Saad and Fahmy, 1 984) .  The average phosphate 
values in the open sea water off Jeddah in the Red Sea, ranged from 0. 1 2  - 0.6 
).lg at  P/ l  during March and from 0. 1 8  - 0.49 ).lg at  P/ l  in Apri l (Saad and 
Fahmy, 1 984) .  These values are more or less simi lar to the values obtained 
during this study . The h igh phosphate concentrations recorded in Ras Al 
Khaimah towards the offshore area are probably to the decay of phytop lankton 
and excretion of considerable amounts of phosphate by aquatic  organisms 
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( Kramer. et at. , 1 972.  aad and Fahm.: . 1 984) as well as release of phosphate 
from the bottom sediments. On the other hand, the decrease in phosphate 
concentrat ion however can be related to the decrease in the internal influx of 
pho phate, \vith an increase in the consumption by phytoplankton. 
The i l icate values in the urface waters of the study area is  almost simi lar to 
that obtained for the coastal water north of Jeddah. where Saad and Fahmy 
( 1 984) .  detected dissolved s i l icate values ranged between 1 . 3 - 5 .22 Ilg at S il l .  
The h igh s i l icate value found in the extreme east and off the AI-Khor opening 
i probab ly due to the increase of the dissolution rate of  diatom frustules and 
their fragments i n  the bottom sediments . The decrease in s i l icate concentrations 
however could be attributed to the uptake by diatoms. Evans, et al . . ( 1 973 )  
attributed the comparatively high s i l icate content found in the waters near Abu 
Dhabi at the back of the lagoon to the seepage of water from the adjacent rocks 
or from the coastal plain. as the ground waters of this p lain  are usual ly rich in 
this component. 
Ni trogen is  one of the b iological ly important elements in aquatic habitats .  In 
addition to dissolved molecular nitrogen, seawater contains low, but extremely 
important concentration of inorganic and organic n itrogen (Abou-Kassim, 
1 987) .  The most important forms of inorganic n itrogen in seawater are nit
rate 
03), n i trite (NO].) and ammonia (NH4)' The concentrations of th
ese fOnTIS 
usual ly l i e  in the range < 0 . 1 - 3 5  ).lg at N03-NIl, 0 .0 1 - 3
 35 Ilg at NOTN/I and 
0 . 1 5  - 3 3 5 ).lg at NH4-N/I in oxygenated waters (Ri ley a
nd Chester, 1 97 1 ) . 
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itrate the final oxidation product of nitrogen compounds in sea\vaters . It 
g neral ly considered the only thermodynamically stable species of nitrogen in 
the presence of ox gen in seawater (Aboul-Kassim, 1 987) .  The n itrate 
concentration in the water of Ras Al Khaimah coastal area seems to be more or 
Ie uniform through out the area, with a mean value of 4 . 3 7  ± 0 . 3 5  )..1g at 03-
' 1 . The standard deviation from the arithmetic mean represents only about 
-l- .6° o. This reyeals that no obvious variations in the uti l ization, regeneration or 
nitrate a imi lation by phytoplank'ton in the investigated area .  
Nitrit could hardly be a n itrogen source for phytoplankton s ince it is rarely 
pre ent III measurable quantities (Wafar et al., 1 986) .  Nitrite is an intermediate 
pec le behYeen ammonia and nitrate. The average NO} concentrations 
determined ill the surface water of the stud) area ( i . e .  0 .26 ± 0 .09 flg at N02-N/l) 
IS s l ightly lov,'er than that values obtained for the di fferent sectors of the Egyptian 
Mediterranean coast (Aboul-Kassim, 1 987) .  The values for the eastern harbour, 
Alexandria E gypt was ranged between 0 .062 - 3 .3 1 8  flg at NOrNIl with a mean 
value of 0 . 9-l-9 )..1g at OrN/l .  The low values for n itrite in the surface water of 
the study area may be attributed to the increase of nitrite oxidation to n itrate and 
probably its reduction to ammonia, as wel l  as nitrite uptake by phytoplankton. In 
fact the area off AI-Khor opening is highly depleted with nitrite compared with 
the other sites . 
The occurrence of  ammonia in the seawater depends main ly on the intermittent 
re lationships between the different biological and chemical processes operating in 
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the r generation of organic n itrogenous material and a1 0 being a chief 
nitrogenou excretory products of many aquat ic organisms especia l ly zooplankton 
( boul-Kassim. 1 987 ) .  He also mentioned that ammonia might be used as a good 
indicator for the degree of pol lution. Anunonia in the study area is very 1m.\', i f  we 
compared its concentrations with that from the eastern harbour, Alexandria, Egypt 
(Aboul-Ka s im. 1 987) .  
3.4 Results of foram inifera: 
Table ( 8 )  pre ents the result of the foraminiferal analysis at different stations . 
At each stat ion l iving/dead foramin iferal spec ies were counted . The sum of 
l iv ing and dead foramin iferal represents the total foraminiferal shel ls  in the 
samples .  For each of  these categories ( i . e .  l iving, dead and total) the number of 
porce l laneous (Mi l io l idae), agglutinated (Textulari idae) and h� al ine (Rotal i ina) 
she l l s  \\'ere counted. 
3.4. 1 Total foram iniferal species: 
The maximum foramin iferal speC Ies is 3 1 9 individuals found at station 8, 
\vhi l e  the m in imum number is  25 individuals found at station 2 .  The average 
number foramin iferal she l ls is � 1 63 . 0±85 (Table 9) .  The most common 
foramin ifera is the agglutinated foraminifera constitutes about 59 .4% ± 1 1 . 1 .  
The maximum number of  agglutinated foraminiferal shel ls is  2 1 1 ,  while the 
minimum number is 1 2  individuals. The second in abundant of the three 
categories is the porce l laneous foraminifera (26.4% ±8. 1 5 , maximum number is 
76 
Ta ble 8 :  Res u lts of t h e  fo ra m i n iferal  s tud ies. 
Station 
II I  
# 2  
# 3  
# 4  
# 5  
# 6  
# 7  
# 8  
11 9  
# 1 0  
/I I I  
# 1 2  
# 1 3  
11 1 4  
11 1 5  
11 1 6  
# 1 7  
11 1 8  
# 1 9 
# 20 
LA LJ> L i t T. L 
24 5 1 6  4 5  
1 1  7 2 20 
I I  9 1 9  39 
1 2  I I  2 2 5  
2 3  7 6 3 6  
4 3  20 6 69 
4 1  3 1  1 7  89 
3 2  3 8  2 2  9 2  
3 7  3 0  1 4  8 1  
2 1  2 2 1  44 
1 2  J 3  1 0  3 5  
7 4 4 1 5  
1 7 5 6 28 
2 1  4 1 2  3 7  
1 4  6 3 2 3  
1 6  9 2 27 
7 4 4 1 5  
1 5  4 2 2 1  
I I 0 2 
2 3 3 8 _._-
LA:  l i v i n g  agglut i nated 
LI-t l i v ing hya l i ne 
LI)A 
5 7  
1 2  
5 9  






7 5  
6 9  
6 9  
1 87 
1 72 
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LOA: l i v ing and dead agglut inated 
LOl l :  l iv ing and dead hya l ine 
LOt) LOU r. LID 
26 1 9  1 02 
I I  2 2 5  
2 5  2 9  1 1 3 
1 7  2 5 2  
1 9  1 8  1 8 1  
4 8  30 1 66 
48 5 3  2 2 1 
72 80 3 1 9 
4 1  2 7  245 
43 24 1 42 
3 2  3 9  1 40 
1 9  I I  99 
4 2  28 257 
84 5 8  3 1 4 
4 1  7 259 
60 1 3  1 50 
5 0  9 1 5 1  
4 8  9 1 8 1  
1 5  1 2  60 
20 23 73 
OA 01'  U I I  'I .  U 
3 3  2 1  3 5 7  
I 4 [) 5 
42 1 6  1 0  6 8  
2 1  6 (J 27 
1 2 1  1 2  1 2  1 45 
4 5  2 8  2 4  97 
79 1 7 36 1 32 
1 3 5  3-1 5 11  227 
1 40 I I  1 3  1 64 
54 4 1  "l 98 
57 1 9  2<) 1 05 
62 1 5  7 84 
1 70 3 5  2 2  227 
1 5 1  80 411 277 
1 97 3 5  <1 236 
6 1 5 1  I I  1 23 
8 5  4 6  5 1 36 
1 09 4<1 7 1 60 
3 2  1 4  1 2  5 8  
28 1 7  20 65 
L P :  l iv ing porcelanucce 
TL: total l i v i ng 
LA% 
53 . 3 3  
5 5 00 
28 2 1  
4 8 .00 
63 89 
62 3 2  
46 07 
308 
4 5 68 
4 7 73 
34 29 
46 67 





7 1 . 43 
50 00 
2 5 00 _L-
LOP: l i v ing and dead rorcelanuece 
TD: tota l dead 
LP% L 1 1 %  LOA % L D I'% LOB% OA% 0 1'% 1) 1 1 %  %L 
I I  I I  3 5 5 6  5 5 88 25 49 1 8 63 5 7 89 3 6 84 5 26 4-1 I I  
3 5 00 1 0 00 4 8 00 4-1 00 8 00 20 00 80 00 0 00 80 
2 3 08 4 8 72 52 2 1  2 2  1 2  2 5 66 6 1  76 23 53 1 ·-17 1  3-1 5 1  
44 00 8 00 63 46 32 69 3 8 5 77 78 22 :!2 0 00 4 8 07 
1 9 44 1 6 67 79 56 1 0 50 9 94 83 4 5  8 2 8 M 28 1 9 89 
28 99 8 70 53 0 1  2 8 92 1 8 07 46 39 28 87 24 74 4 U6 
34 83 1 9 1 0  54.30 2 1 72 23 98 59 85 1 2 88 27 27 .. 10 27 
4 1  30 23 9 1  52.35 22 5 7  2 5 08 59 4 7  1 4 98 25 55 28 84 
3 7 04 1 7 28 7224 1 6 73 1 1 02 8 5 . 3 7  6 7 1  7 93 3 3 06 
-1 5 5 4 7 73 52 82 30 28 1 6 90 55 1 0  4 1  84 3 06 30 985 
37 1 4  28 5 7  49 29 22 116 27. 86 5 4 29 1 8  1 0  27 62 2 5  
26 67 26 67 69 70 1 9 1 9  I I  I I  73 8 1  1 7 86 8 .1 1 1 5  1 5  
I. 7 86 2 1  43 72 76 1 6 34 1 0 89 74 H9 1 5 42 9 69 1 0  l!9 
] 0 8 1  32 .43 54 78 26 75 1 8 47 54 5 1  28 88 1 6 6 1 1 l.78 
26 09 1 3 04 8 1. 47 1 5 83 2 70 83 47 1 4 83 1 69 8 88 
3 3 3 3  7 4 1 5 UJ 40 00 8 67 49 59 4 1  -16 R. 94 1 8  
26 67 26 67 60 93 33 I I  5 96 62 SO 3J 82 3 68 9 93 
1 9  OS 9 5 2 68 5 ]  26 52 <1 97 68 1 3  27. 50 4 3 8 1 1 110 
50 00 0 00 5 5 00 25 00 20 00 5 "  1 7  2 4  1 4  20 69 J .1 3 
3 7 50 3 7 50 4 I 1 0  27 40 3 I 5 I 43 08 26. 1 5  30 77 1 0 95 _1.---
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Ta ble  9 :  Desc r ipt ion sta tist ics fo r the Resu lts of Fora m i n i fera l  study.  
Var ia ble  M ea n  M i n i m u m  
LA 1 8 . 3 5  
LP 1 0 .65  
LH 8 . 5 5  
T L  3 7 . 5 5  
LDA 99.80 
LDP 3 8 .05  
LDH 24 .65  
TLD 1 62 .50  
DA 8 1 .45 
DP 27 . 30  
DH 1 6 . 1  0 
TD 1 24 .85  
LA% 49.83 
L P% 28 .22 
LH% 2 1 . 94 
LDAo/o 59 .43 
LDpo,o 25 .40 
LDHo,o 1 5 . 1 6  
DA% 6 l .48 
DP% 26. 1 1  
DH�o 1 2 . 40 
%L 26 .34  
LA : l iv ing aggluti nated 
LP:  l iving porcelanuece 
LH: living hyal i ne 
TL: total l iving 
LDA : l iving and dead agglutinated 
LDP: l iv ing and dead porcelanuece 
LDH: l iving and dead hyal ine 





1 2 .00 
1 1 .00 
2 . 00 
25 .00 
1 . 00 
4 .00 
0 .00 
5 . 00 
2 5 . 00 
4 .54  
0 .00 
4 l .09 
1 0 .49 




" " ..,  .) . .) .)  
Maxi m u m  
Sta n d a rd 
Deviat ion 
43 .00 1 2 .08 
38 .00 1 0 .63 
22 .00 7 . 1 9  
92 .00 26.06 
2 1 1 . 00 59 .3 1 
84.00 1 9 .67 
80.00 20.05 
3 1 9 .00 85 . 1 0  
1 97 .00 54 .79 
80.00 1 8 .62 
5 8 .00 1 5 .77  
277.00 73 .43  
7 1 .42 1 2.24 
50.00 1 1 . 95 
48 .7 1 1 3 . 5 8  
8 1 .46 1 1 . 1 0  
44.00 8 . 1 5  
3 1 . 5 0  8 .63 
85 . 36  1 5 .92 
80 .00 1 6 . 1 9  
30 .76 1 0.20 
80.00 1 8 .46 
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48  indiv idual and minimum number is  4 individuals), while the hyal ine shel ls 
les common representing about 1 5 . 1 7�o :::: 8 .6 from the total shel l  counted 
(rna. imum is 80 and minimum is 25 shel ls ) .  
F igure ( 1 2) ho\' s that the total l iv ing and dead foraminiferal speC Ies 
mcrea e northward ( tation 8)  and eastward (station 4) .  On the other hand, the 
inshore tat ions in general have the lowest numbers of foraminiferal species. It 
i also c l ear that agglutinated foraminifera increases offshore as well  as to the 
extreme east (F igure 1 2) .  Ev idently, Hyaline and Porcel laneous foraminiferal 
pec le increases in number offshore and in the extreme east whi le  the area 
east to AI-Khor openmg and inshore stations are characterized by the lowest 
number of these types of foraminifera (F igure 1 2) .  
F igure ( 1 3 ) shmvs the variations of porcel laneous, agglutinated and hyal ine 
specie at d i fferent stations. I t  i s  obvious that the 20 samples can be divided 
into 2 groups. Group 1 is mainly containing samples from the off shore stat ions 
located toward west as well as inshore station infront of AI- Khor opening 
(stat ion 1 ,  3 6, 7. 8,  9, 1 1  1 4 , 1 9  &20). Group 1 is  discriminating by 
approximate equal proportions of porcel laneous, agglutinated and hyal ine, with 
a shift towards more Hyal ine than the other two types. Group 2 is mainly 
incl uding the samples from the eastern part and the inshore extreme western 
stat ions .  Thi s  group is discriminated by the high percentage of Agglutin
ated, 
and a l esser percentage of Hyal ine and porcel laneous forms . 
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A) Tota l 
B) Agg l utinated 
C) Hya l ine 
D) Procel la neous 
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Figure 1 2 :  Area l d istribution of the tota l number of Foramin ifera l 
ind ividua ls i n  the sed iments of study area . 
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Figure 1 3 :  Terna ry plot of tota l foramin ifera l assemblages. 
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3.4.2 Living foraminiferal species: 
The ma'Cimum number of  l iving foramini feral spec ies is 92 individuals found 
at stat ion 8, whi le  th minimum number is 2 indi 'iduals found at station 1 9 .  On 
the other hand the average number of foramin iferal tests is � 3 8 .0±26 (Figure 
1 4) .  
The average of  the agglutinated i s  49 . 8%± 1 2 .24 .  O n  the other hand the 
maximum number is 43 individuals found at station 6, whi le  the minimum 
number is only 1 individual found at station 1 9  (Figure 1 4) .  
For  the porce l laneous spec ies the maximum number is  38 individuals found 
to be at tation number 8 ,  whi le the minimum number of porcel laneous forams 
1 hel ls  (station 1 9) .  The average number of the porcel laneous forams 
_ 8 .2° o± 1 1 .9 - (F igure 1 4) .  
The maximum number of  the Hyaline species is 22 species (station number 
8) .  The average is 2 1 .9 - o o± 1 3 . 5 8 .  0 hyal ine species i s  found at station number 
1 9  (F igure 1 4) .  
F igure ( 1 5 ), represents the relationship between the l iving agglutinated, 
Hyal ine and Porce l laneous spec ies .  I t  is c lear that the stations can be divided 
into three groups .  Group (1) inc ludes samples numbers 1 ,  1 0, 1 3  and 1 4 . This 
group discriminates by the equal percentages of the hyal ine and agglut inated 
individuals .  Group ( I I )  on the other hand comprises samples numbers 2 ,  4, 5 ,  6,  
1 5 , 1 8  and 1 9 . I t  distinguishes on the basis of the agglutinated numbers with 
minor percentage of proce l laneous and a trace percentage of the hyal ine forams. 
Group ( I I I )  has an equal numbers of  the three components . This  group inc ludes 
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Figure 14: Area l distribution of the tota l number of l iving 
Foram in ifera l ind ividua ls in the sed iments of study area . 
83 
Living Agglutinated 0/0 
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Figure 15 : Terna ry plot of tota l l iv ing foramin ifera l assemblages. 
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3.4.3 Dead foram i n iferal species :  
The maximum number of dead foraminiferal species I S  _77 ( tation 1 3 ). 
whi le th 
tation 
m inimum numb r of dead foramin ifera 5 species) is  found to be at 
The average foraminiferal shel ls  is about 1 2 -±74 (Table 8, Figure 
1 6) .  The most common foraminifera is the Agglutinated forams. which fonn 
about 6 1 .  3 0 0:':: 1 5 . 9  from the total dead foraminifera. The maximum number of 
gglutinated foram is  1 97 individuals (stat ion 1 5 ) ,  whi le the minimum, which 
is 1 individuals ,  determ ined in the station 2 (Figure 1 6) .  
The econd common foraminifera i s  porcel laneous that has an average about 
26 .2° 0± 1 6 . 1 7 . whi le the maximum is 80 individuals (station 1 4) and the 
min imum is 4 individual (station 2)  (Figure 1 6) .  
Hyal ine forams have an  ayerage of 1 2 .-.t6%± 1 0 .2 1 ,  and a ma.-...;:imum 58  she l ls  
found in  tation 8 .  0 hyal ine forams can be observed at stations 2 and -.t 
(F igure 1 6) .  
F igure ( 1 7) shows the triangle diagram for the dead foraminifera. It i s  
obvious that the  samples can be d ivided into two groups.  Group I is  containing 
stations 1 .  4, 5. 9, 1 0, 1 2, 1 3  1 5 , 1 6 ,  1 7 , 1 8, and it shifts toward the 
agglutinated species .  On the other hand, group I I  consists of stations 3 ,  6, 7, 8,  
1 1 , 1 4 , 1 9, 20 which have roughly estimated equal proportions of agglutinated, 
porce l laneous and hyal ine.  Station 2 has more porcel laneous than agglutinated 
with zero proportion of hyal ine . 
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Figure 16: Area l distribution of the tota l number of dead 
foram in ifera l i nd iv iduals in the sediments of study area . 
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• Group I 
Dead Procellaneous % 
Figure 1 7 :  Ternary plot of tota l dead foramin ifera l assemblages. 
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3.4.4. D iscussion of the foram i n iferal resu lts: 
tudi d dealing \\l ith modern benth ic foramin ifera are reported in term of 
l iving, d ad or l iving plus dead ( i .e .  total) assemblages (Murray, 1 99 1 ) . It i s  
comm n ly ob erved that the l iv ing and dead assemblage form the same 
diment ample are di fferent to a greater or lesser extent. This is due to the 
fact  that the l iving assemblage represents only the time of sampling, whereas 
the dead as emblage represents many generations added over a long period of 
t ime ( taff e t  aL 1 986,  Murray 1 99 1 ) . According to Murray ( 1 99 1 ) , a l iv ing 
as emblage, through l i fe processes such as production gives rise to an ideal 
dead assemblage and this, in turn, is  invariably altered through post marten 
change to giYe dead assemblage presented in the sediments . 
I n  the pre ent study, the l iving, dead and total assemblages were used. 
F igure ( 1 8) shmv both total l iving (inc luding, agglutinated, porcellaneous and 
hyal ine forams) and total dead assemblages have the same pattern of 
d istribution, where the increasing of l iving assemblage wi l l  lead to an increase 
in the total dead assemblage. However it seems that dead assemblage 
comprises most of the total assemblage. This is c lear due to the fact  that the 
dead assemblage represents many generations. 
According to Murray ( 1 99 1 ), although dead benthi c  foraminifera are 
abundantly present in the sediments of the extensive lagoon complex along the 
coast of the United Arab Emirates, the standing crop of the Ii ing assemblage is 
low. He observed that the majority of l iv ing forms are found l iv ing 
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Figure 18 : Line plots showing the va riations of both tota l l iving 
and tota l dead assemblages in the sed iments at d ifferent stations. 
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I n  the pre ent tud} , the principle associations are those of Penerolips 
plantus. Quinqueloculina neastrictula, QUinqueloculina cooki. Triloculina sp. ,  
A mmonia beccarii, Efphidium crispum and Texularia sp. Other Mi l l iol ina, 
T xtularina and R tal l i na are also noticed (Table 2 ) .  The same principle 
associations were reported by several authors working either on the coastal area 
of United Arab Emirates, Arabian Gul f  and Red Sea coastal area ((Murray, 
1 965 ,  1 966a, b & c .  1 970, 1 99 1 ;  Bahafallah & EI -Askary. 1 98 1 ;  Bahafal lah, 
1 984 � Abou-Ouf & El-Shater, 1 993 ;  Al-Zamel, et al. 1 997 ;  Cheirf, et al. 
1 997 ; ) .  
ccording to Cherif. et al. , ( 1 997) ,  many authors considered that the total 
dead she l l  in a marine thanatocenose represents a stab le averaging of the 
effects of  environmental conditions prevai l i ng over a given area. part icularly if 
this area covers an extensive surface and if  the samples represent the 
accumulation of  tests during a sufficient period of time. I n  fact the differences 
in the percentage of l iving foraminiferal tests (range between 3 .3% and 80%) 
may be revealed to the nature of the bottom, where the low values occur in 
areas covered with seagrasses, and halophytes. On the other hand, high 
percentage of l iving forams occur where algae, seagrasses and other plants 
d isappear. Other possible causes could be the low l i fespan of the benthic 
foramin ifera. The l i fespan of a benthic foramin iferal generation is  only known 
for few spec ies, it varies between 0 .3 month and two years depending on t
he 
spec ies (Ste insund & Hald, 1 994) .  Other possible reason is the fac
t that some 
dead foramin iferal tests could be either recent dead forams
 or the red colour 
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aused due to the effect of Rose Bengal on the protoplasm and other organic '-' 
material could be caused by c lusters of benthic or other organisms us ing the 
te t a  a refuge (Murray, 1 99 1 ) . 
F igure ( 1 9 )  reveal that the percentage of the total dead foraminiferal 
pec le l llcrea e east\\ ard . I t  eems that AI -Khor opening divides the area into 
we tern part with h igh percentages of l iving forams and eastern region with low 
percentages of the l iving forams.  Obviously, the water from At Khor causes this 
di tinction division.  According to Shriadah ( 1 998) pollutants from many 
ource such as munic ipal and industrial waste-water from many outlets as wel l  
as from fishing and cargo boats appears to contribute strongly to the metal and 
other pol lutants accumulates in the sediments. F igure (20) shows the relation 
bet\\ een organic matter contents in the sediments and the number of the l iving 
forams .  I t  i s  obvious that both variab les obey each other in their distribution . 
Organic  matter is  measure of pol lution effect in  the coastal sediments . Comer et 
aL ( 1 996) found no correlation between percentages of l iving foraminifera 
and total organic  matter. However the relationship between pol lution and 
foramin ifers is very compl icated, not only because the pol lutants are very 
d i fferent, but also because their effect on different species are also very 
d i fferent (Bo ltovskoy, et al, 1 99 1 ) . 
To study the effect  of temperature and sal inity on the distribution of 
foramin ifera. b ivariant p lots between the number of total dead, total l iving and 
total l iv ing & dead foraminifera with both sal inity and temperature were 
preformed w ith a 95% confidante l imit (Figure 2 1 ) . It is obvious that at least 
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Figure 19 : Ratio between tota l l iving and tota l dead 
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Figure 20: Line plot showing the relation between the 
number of tota l l iving foramin ifera l species and organic 
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Figure 2 1 :  Relation between Temperature and Sa l in ity with 
the numbers of l iving, dead and tota l ( l iving and dead) 
Foram in ifera l assemblages. 
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50° ° of  the station fal l  outs ide the 9 :°'0 confidant l imit This may indicate that 
temperature and al inity have a low influence on the distribution of the 
foramin iferal tests, both li ing and dead . According to Coles & McCain ( 1 990), 
among all the en\' ironm ntal factors, salinity ha the strongest high sign ificant 
relationsh ip w ith the numbers of benthic in faunal species in both seagrass and 
and' l i t  in the western Arabian gul f. However, the absence of Sorites sp. may 
indicate the extreme high sal inity and temperature. Murray ( 1 99 1 )  mentioned 
that, with the exception of peneropl ids and local occurrence of Sorites 
marginalis i n  the Halat al Bahrani l agoon (to the west of Abu Dhabi ) larger 
foramin ifera are conspicuously absent. He attributed this to the extreme sal inity 
and temperature ranges experienced in this  area. 
F igure (2_ )  shows the relationships of the percentage of total l iving 
foramin ifera \\' ith both mean grain size and organic matter contents . I t  is visible 
that the percentage of  the total l iv ing foraminiferal species increases s l ightly 
with increasing sediment s ize .  However, it should be noted that the analysis of 
foramin ifera were only done on the medium to fine sand fractions. Murray 
( 1 966c). during his study on the foraminifera of the shel f  off the Trucial coast, 
Abu Dhabi region, imp l icated the numerical importance of the foraminifera in 
the s ize of 0 .066 - 0. 1 24 mm as shown from the cumulative curve for the 
counted foramin iferal tests at different grade s ize. He mentioned also the 
importance of the few large foraminferids in the 0 . 1 24 - 1 . 003 mm in terms of 
weight. C loes & McCain ( 1 990) observed that both species diversity and 
number o f  benthic spec ies increased with finer grain sediments . On the other 
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Figure 22:  Relation between percentage of 
l iv ing Foramin ifera l with both organ ic matter 
a nd mean g ra in  size <\>.  
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hand Murray ( 1 966b) noticed that coarser sediments from the helf off bu 
Dhabi ,  contained larger foramin ifera, \vhi le  fine-grained, muddy sediments 
contained a tronomical  numbers of tiny fOlmini ferids many of which may be 
j uveni le . 
igure ( 23a) explain the relationships between the number of the total l iving 
foramin iferal species and the nutrients salts, whi le figure (23b) represents the 
relation between the number to total foraminifera species ( l iving p lus dead) and 
the nutri nts salts. It is apparent that except for s i l icate, no re lations can be 
noti ed.  For s i l i cate, there are s l ightly decreases in the number of both l iving 
and total foramin iferal species with the decreasing of the s i l icate content of 
water. The no relat ionsh ips between the other nutrient salts and the number of 
l iv ing and total foraminifera may cause the diversities in the number of benthic 
foram . C heirf et at. , ( 1 997)  suggested that the high diversities observed in the 
northern part of the Arabian Gulf  are a reflection of the higher productivity of 
this \vater body as compared to the Gulf of Suez and the northern Red Sea. 
In the 1 964 c lassi fication of foramin ifera (Loeblich & Tappan 1 964b) a l l  
modern forams \vith hard tests fel l  into three suborders - Texulari ina, Mi l io l ina 
and Rota l i ina - which correspond to agglut inated, procel laneous and hyal ine 
wall structures respectively (Murray 1 99 1 ) . Using the ternary diagrams for the 
l iving dead and total ( l iving & dead) performed during the present study, it 
seems that proce l laneous and agglutinated are the dominant foraminiferal 
speC Ies m the area. Comparing the results with the triangular plot of 
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Figure 2 3 :  Scatter p lot showing the relationships between 
A :  percentage of l ivi ng Foramin ifera l individua ls; B: tota l 
num ber of Foramin ifera ; with different nutrient sa lts. 
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compo ition (F igure 2-1- ). it is c lear that most of the foraminiferal a semblaaes b 
fa l l  \vithin th normal marine to hypersal ine marine marshes . Comparing the 
present ternary p lot with those of Murray ( 1 965 1 966, 1 970 and 1 99 1 )  for 
Abu Dhabi region, it i s  e ident that the present samples are more sh ifted 
toward the agglutinated forms rather that the hyal ine apex. However, the 
pre ent results are s imi lar to the study carried out by Abou Ouf ( 1 992) on the 
coastal sabkha, Red ea coast, Saudi Arabia. where most of the samples fal l  
10 e to the proce l laneous apex and thus indicating a hypersal ine environment. 
According to Cheirf et aZ. , (1 997), assemblage with highest proportions of 
agglutinated foramin ifera are found in the deep part of the central and western 
ba in of the Arabian Gulf. H ighest proport ions of porcellaneous forams (with 
frequencies o f >  4 - 0 0) are found in the centraL but relat ively shallow waters of 
the gul f  « 60m) .  The highest proportions of hyaline forams are found in the 
Arabian homoc1 ine (>600 0) .  Murray ( 1 99 1 )  indicated that the porce l laneous 
taxa are more abundant in the dead assemblage especial ly in those from c lose to 
shores Abu Dhabi ,  United Arab Emirates. Hyaline on the other hand is more 
predominant  i n  the l iving assemblage. Reiss and Hottinger ( 1 984) indicated that 
the rota l l i ids ( hyal ine) are presented as a very minor component of the benthic 
foramin iferal assemblage in the Gulf of Aqaba region. They also observed 
some un ident ified spec ies of Ammonia occur frequently in the shal lowest 
environments around mangroves area in the Gulf of Aqaba. Murray ( 1 965)  
stated that the most important features of the distribution of l iving 





Agglutinated % Procellaneous a/a 
Figure 24: Summary of wa l l  structure envi ronmenta l  fields 
for l iving  assemblages (After Murray, 1991) .  
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uniform ly d istributed but l ike macrofauna (e .g .  corals. gastropods. bivalves) 
they ha re tricted area of Occurrence. Ho"vever. the dead foraminiferal 
assemblages are not al ike tho e of l iving (Murray 1 970) .  
ccording to Murray ( 1 99 1 ) ,  in the majority of cases the difference between 
the l iv ing assemblage and the ideal dead assemblages drawn from it are not 
vel) great . However po tmortem processes influences modify the ideal dead 
assemblages to give the dead assemblages observed in the sediments . The 
processes in olved are transport, mixing and destruction of tests . Transport as 
bed-load must be common in shallow-water area, and it is prevalent in 
sediments of sand grade and coarse .  I t  leads to abrasion of the test. which may 
cause breakage of  chambers a dul l  or pol ished texture (Murray, 1 99 1 ) . Plate 
(1 2 . figure 5 )  represents this type of postmortem changes. \V'here part of the test 
is broken. Thi is mo t ly due to the bed load transport prevalent in this coastal 
area.  Destruction of tests through transportation and abrasion has already been 
mentioned ( Murray, 1 99 1 ) . Agglutinated tests, which are weakly, held together 
by organic  materials do not survive long after death . However, the high 
percentage of aggl utinated forams in the present study is mainly due to the fact 
that the destruction of this type of  foraminifera is  more common on fi ne­
grained substrate (DougJes, et ai., 1 980) .  Noted that the area of study is covered 
with medium to coarse sand (Mz is ranging between 0 . 53-2 .87  cp and averaging 
l .24 ± 0 . 5 8cp) .  
Dissolution I S  another type of  postmortem changes. Dissolution of 
calcareous foramin iferal tests in the present study is  observed (
Plate 4,  figure 
L O I  
1 1 ) .  cording to furray. ( 1 99 1 ) : dissolution of calcareous tests take places in 
wat rs undersaturated with respect to calcium carbonate. Such waters may be in 
contact \vith sea floor or interstitial within the sediments . Hyal ine tests undergo 
a progressive series of changes when subject to dissolution (Murray & Wright. 
1 970, C orl iss  & Bonj o, 1 98 1 ) . Initial ly. the surface acquires a dul l texture and 
becomes opaque through etching; this then becomes pitted and the last chamber 
breaks;  further breakage takes place and layers of wal l are removed from 
unbroken chamber: th is is fol lowed by extensive chamber breakage and finally, 
total destruct ion .  Some of these stages can be observed during the present study 
(P late 1 2, figure 5 ) .  Nonetheless, some of these stages could be  similar to  the 
effect of boring organisms (Plate 9, figure 8) .  Mageau & Walker ( 1 976) 
ob erved the same effect caused by predators feeding on foraminifera. 
During the present study. some stations contain high percentages of 
b lackened foramin ifera . Murra., ( 1 99 1 )  indicated that, in the nearshore area off 
ni ted Arab Emirates, the dead assemblages contain blackened foraminiferal 
tests. and off Abu Dhabi,  these form up to 44% of the whole.  He perceived that 
they have a lower diversity and a greater proportion of broken test than the 
unblackened assemblages. He attributed the blackened foraminiferal tests to 
o lder sources or they are rel ic t .  Abou-Ouf & EI-Shater ( 1 993) study the black 
benthic foramin ifera in carbonate facies of the coastal sabkha, Saudi Arabia 
Red Sea coast. They assumed that the blackening may be due to impregnation 
of the sediments by dissolved or finely particulate iron sulphides (pyri
te) . 
Murray ( 1 966) studi ed the b lack foramini fera in the shelf off the 
U .A.E .  coast, 
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Abou Dhabi .  B lack foraminifera are kno'wn also to occur off Qatar (Houbolt, 
] 9 - 7 ) .  The blackened foraminiferal tests observed in the study area could be 
attributed to the d compo ition of organic matter as well  as to the effect of 
pol lution . The black color of the present foraminiferal tests may also take 
p lac under reducing conditions beneath the sediment surface.  Erosion and 
bioturbat ion return these she l l s  to the surface .  The black forams observed in the 
hal low carbonate shel f sediments from southeast of Borneo western maro-in of , b 
the Pac ific  ocean, appear to be caoted with a chlorite clay mineral and they 
occur at depth >35m. This mineral may form in reduc ing condition some 
sentim res below the sediment surface (Bouchard, et af. . 1 985)  
To demonstrate the simi larities between stations based on the foraminiferal 
re u l ts .  complete l inkage c luster analysis is preformed (F igure 25) .  I t  is  evident 
from the resulted dendrogram that two groups of stations can be identified. 
Group 1 ,  comprise station 1 ,  1 0, 1 4, 3 ,  7 ,  8,  1 1  and 20.  Group 2,  on the other 
hand contains station 1 9, 1 6, 6, 1 8, 1 5 , 1 3 , 1 7, 1 2, 9 and 4. Station 2 differes 
from the other stations . This discrimination confirms the distinction of different 
groups based on the ternary diagrams deduced from the percentages of the three 
foramin iferal assemblages of the wal l  composition (Hyal ine, Agglutinated and 
Proce l l aneous) for the total ( l iving & dead), dead and living counted 
foramin iferal she l l s .  These two groups are also comparable to the division of 
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Figure 25 : Tree d iagram showing the simi larity between 
d ifferent station based on the Results of Foramin ifera . 
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S U M MARY A N D  CO N C LUSIO NS 
The pres n t  tudy aimed to find  out the relationship bet\\'een 
environmental parameters and the abundance of foraminifera, ratio of Ii ing to 
dead foramin i fera and the d iversi ty of foramin iferal tests in the coastal area of 
Ra I Khaimah region from the other hand .  
Twenty tations v ere selected for col lection of samples. Col lection of 
th samples was done during Apri l  1 997 .  Sediment samples were col lected 
u ing ither grab sampler or free diving. At each stat ion, surface water was 
col lected in  prec leaned plastic bott les . Temperature and sal inity were measure 
in situ. In  the l aboratory , nutrient salts were analyzed in the water samples. 
Grain s ize analysis, organic  matter and total carbonates were determined. Rose 
Bengal d ie  was used in order to distinguished between l iving and dead 
foramin iferal species .  Foramin iferal species in the sediments at each station 
were counted and photographed using scanning e lectron mIcroscope. 
I dent ification of the foramin iferal species was also made . 
The maximum grain s ize value is  found to be 2 . 87� (stat ion 20), while 
the minimum grain size i . e .  0 . 53� is  observed at  station 4 .  On the other hand 
the average grain s ize is 1 . 24�±0 . S8 .  No relationship is observed between mean 
size (�) and the other measured and calculated parameters . The standard 
deviation ranges betvveen moderately sorted to poorly sorted. Skewness varies 
from stat ion to another. The skewness ranges between 0 .22 and -0 .46 and 
averaging -0 .07±0 . 1 95 .  The maximum kurtic value is 1 . 56  and the minimum is  
0 . 1 6 . The average value of the kurtos is is 1 . 09±0 .22 .  In order to measure the 
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imi larit ies ben een diff! rent tations in term of texture charact rs. the 
complet l inkage c lu  t r analysis is performed. It is obvious that stations in the 
study area are c lustered in three groups. tations 20. l 3 , 5, 1 4  1 1  and 3 
comprise group 1 .  Group I I .  contains stations 7, 4. 1 6, 1 7 . 1 8 , 1 2  and 2 .  On the 
other hand. station 1 5 . 1 9. 9. 8 and 6 distinguish group I I I .  As a matter of fact, 
the e 3 groups indicate that grain size parameters give no indications about the 
s imi larit ies or dissimi larities in the sediments of the study area. 
The highest water temperature recorded in situ (27 .4°C) is found to be at 
tation n umber 20 .  Sal inity measured during field work ranged between 
34 .9  - 000 and 3 - . 86%0 with and average of 3 5 .47%0±0 .33 1 .  '-' 
The average organic matter contents is 0 .2%±0.06 .  Station 7 shows the 
maXImum content of organic matter. i . e .  0 . 32%. On the other hand the 
minimum contents of organic matter ( 0 . 1 1 0/0) is shown at station 1 7 . 
The maximum value for P04 is found to be at station 9 i .e .  0 .92 )J.g at/I . 
This value is very high comparing to the other values at different stations. 
Stations 1 and 4 have the lowest i . e .  0 .26  )J.g atii . The mean P04 concentration 
is 0 . 5  )J.g at/ I .  S i03 shows the maximum value at station 1 ,  i . e .  5 .98 )J.g at/ I .  On 
the other hand station 1 4  has the lowest value for Si03 ( 1 . 3 )J.g at/ I) .  The 
average S i03 concentration is 2 . 2 1 )J.g at/I ± 1 . 2 l .  Station 2 shows the lowest 
value of 03 i . e .  3 .9 5  )J.g at/I whi le the maximum value i . e .  4 . 70 )J.g at/I is 
found at stations 1 6  and 1 7 . The average N03 value is 4 . 37  )J.g at/I ±0 . 2 1 .  N02 
concentration is the upper layer of the water column is ranging between a 
maximum value of  0 .4  )J.g at/I (station 7 and 20)  and a minimum value of 0.07 
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).lg at l ( tation 2 ) .  The a\ erage 102 concentration is 0 .26 ).lg at l =0 .09 . The 
minimum value recorded for NH4 is found to be at stations 1 -.+  and 1 5 .  The 
maximum value i .e .  1 .05 ).lg at/I i s  shown at station 1 1 . On  the other hand. the 
average value is 0 .23  ).lg att! ±0 .23 . 
The h igh phosphate concentrations recorded in Ras Al Khaimah towards 
the off: hore area probably to the decay of phytop lankton and excretion of 
consid rab le amounts of phosphate by aquatic organisms, as well  as release of 
pho phate from the bottom sediments . On the other hand, the decrease in 
phosphate concentrations; however can be related to the decrease in the internal 
influx of phosphate, with an increase in the consumption by phytoplankton . 
The i l i cate values in the surface waters of the study area are a lmost simi lar to 
that obtained for the coastal water north of Jeddah. The h igh s i l icate value that 
found to be in the extreme east and off the A-Khor opening is probably due to 
the increase of the dissolut ion rate of diatom frustules and their fragments in 
the bottom sediments. 
The n itrate concentration in the water of Ras Al Khaimah coastal area is 
seems to be more or less uniform through out the area, with a mean values of 
4 . 37±0 . 3 5  ).lg at N03-N/1 .  The standard deviation from the arithmetic  mean 
represents only about 4 .6%. This reveals  that no obvious variations in the 
uti lization, regeneration or n itrate ass imi lation by phytoplankton in the 
investigated area. 
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The lovv value for nitrite in the surface \ ater of the studv area rna\" be - -
attributed to the increase of nitrite oxidation to nitrate and probably its 
r duction to ammonia, as wel l  as nitrite uptake by phytoplankton . 
The maximum foraminiferal species is 3 1 9 species found at station 8 ,  
whi le the min imum number is 25 species found at  station 2 .  The average 
number foramin iferal species is ;::,; 1 63 .0±85 .  
The most common foraminifera i s  the agglutinated foraminifera that 
constitutes about 59 .43% ± 1 1 . 1 .  The second in abundant of the three categories 
is the porce l l aneous formas: while the hyal ine shel l s  is less common 
r pre-enting about 1 5  . 1 7�o±8 .6 from the total shel l  counted. 
The maximum number of l iving foramini feral species I S  92 species, 
\yhi l e  the m inimum number is 2 species . On the other hand the average number 
of foraminiferal spec ies is ::::; 3 8 .0±26 .  
The maximum number of dead foramin iferal species I S  277 (station 
number 1 3 ) ,  whi le the minimum number of dead forams (5  species) is found to 
be at stat ion number 2. The average number of the dead foraminiferal species is 
about 1 25 ±74.  
Total dead assemblages have the same pattern of distribution, where the 
increased of l iving assemblage wi l l  lead to an increased in the total dead 
assemblage .  However, it seems that dead assemblage comprises most of the 
total assemblage. 
In the present study, the princ iple associations are those of Peneroplis 
plantus, Quinqueloculina neastrictula, Quinqueloculina cooki, Triloculina sp . ,  
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A mmonia beccarii. Elphidium crispum and Texufaria sp. Other Mi l l iol ina. 
T e tularina and Rotal i ina are also noticed. 
The d ifferences in the percentage of living foraminiferal tests (range 
between 3 .3 ° 0 and 80°'0) may be revealed to the nature of the bottom, where the 
1 0\\ values occur in area covered with seagrasses. and halophytes .  On the 
other hand, h igh percentage of l iving forams occurs where algae, seagrasses 
and other p lants di sappear. Other poss ible causes could be the low l i fespan of 
the benthic foraminifera. Other poss ible reason is the fact that some dead 
foramin iferal tests could be either recent dead forams or the red color caused 
due to the effect of Rose Bengal on the protoplasm and other organic materials 
could be caused by c lusters of benthic or other organisms using the test as a 
refuge. 
Temperature and salinity have a low influence on the distribution of the 
foramin iferal tests, both l iving and dead. 
The percentage of the total l iving foraminiferal species increases s l ightly 
"'lith i ncreas ing sed iment s ize. 
Except for s i l icate, no relations can be noticed. For s i l icate, there are 
s l ightly decreases i n  the number of both l iving and total foraminiferal species 
with the decreasing of the s i l icate content of water. The no relationships 
between the other nutrient salts and the number of l iving and total foraminifera 
may cause the diversities in the number of benthic forams. 
Most of  the foraminiferal assemblages fal l  within the normal marine to 
h persal ine marine marshes. 
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The high percentage of agglutinated forms in the present studv is mainly - -
due to the fact that the destruction of this type of foraminifera is more common 
on fine-grained sub trate . oted that the area of study is covered with medium 
to coarse sand (Mz i ranging between O . 5 3 -2 . 87� and averaging 1 .24±O . 5 8�) .  
Dissolution of calcareous foraminiferal tests in the present study is 
observ ed.  
During the present study, some stations contain high percentages of 
b lackened foramini fera. The b lackened foraminifera tests observed in the study 
area could be attributed to the decomposition of organic matter as wel l as to the 
effect of pol lution . The black  color of the present foraminiferal tests may also 
take p laces under reduc ing conditions beneath the sediment surface. Erosion 
and bioturbation return these she l l s  to the surface. 
C luster analysis based on the results of foraminifera shows that the 
tations can be divided into two groups. This discriminat ion confirms the 
distinction of d ifferent groups based on the ternary diagrams deduced from the 
percentages of the three foraminiferal assemblages of the wall composi tion 
(Hyaline,  Agglutinated and Porcel laneous) for the total ( l iving and dead), dead 
and l iv ing counted foramin iferal species. These two groups are also u 
comparable  to the divis ion of the area into western and eastern regions. 
I I I  
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